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INTliODUCTlON 


Thk problems of Kjii‘tli-Sti‘«ctiire which are dealt 
with in this work are the outcome of many years’ 
study, T have, attempted to Jirrauf^e the matter in 
such a way that, whih* making- a detailed in- 
vi'sti ‘Ration of (‘ach problem, the inception and 
‘growth of tlu‘ <‘ssential underlyiii<^ idea • should 
become a])paiVnt. My Presidential Addresses 
here reprinted on the ‘Denudation of the Two 
Americas’ and tlu‘ ‘*Atlaiitic as a Geological* 
IJasin’ contain the germs of some of the leading 
principles advocahal, and which I am fail! to 
ladieve are. natural developnumts of the ‘ True 
Principles of Geology'* as expounded by Hutton, 
IjYKnn, and indirectly by CiiAUiiKs Dakwin. The 
application of dynamical principles to the ex- 
planation of the facts of geology is the most 
modern phase of geological'invt^tigation, and it 
is to this branch that my principaj studies have 
b('en directed. Further introductory nmiarks would 
be superlluous, as the ])r(rl)lems carry their own 
explanation. 

To the Geological Society of London my thanks 
art^ due* for tin* i‘ncouragenient alTorded !)>• the 
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GEQMORPHIO OEEANGBS 


CHAPTER I 

AN JNQUIllY JNTO THE CAUSE OF BKOIONAU OSCIL.LA- 
TJONS OF THE IiEVEH OF THE EAKTH’S SUUFACE, 
AVITH A THEORY OF (J ISOMORPHIC CHANGES 


Part T 


(iKOIiOaiCAU 


EVIDKNCES OF RKNRINGS AND CHANGES 
liEVEJi OF THE earth’s CRUST 


OF 


"W^Vj /{Tia A Ij ^lavements ( ^lassip"c(7 . — That there 
^ have Hbeeii oscilliltioiis of the level of the 
land relative to tl\e mean sea-level is a fact that 
attracted the* attention of early philosophers and 


j::;^eolof(ists. 

This was roughly inferred from the discovery of 
marine fossils in rocks thousands of feet above the 


sea-level. 

As the science of geology advanced these 

marine^ exiivia', it was found, had been in one class 

» » 

of cases lifted into their positions by the folding 
of the rocks in which they were entombed and 
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their elevation into mountain ranges by lateral 
pressure ; and in another class of cases by tlie 
direct elevation — differential it may have been of 
whole regions to bo measured by thousands of 
square miles. 

Again, it was found ‘that in ‘all but the more 
recent formations, such as the Pleistocene, the 
rocks had undergone so many vicissitudes and 
movements since they* were laicT down* on the 
shores or beds of the sea that it was difiioult, if not 
impossible, to tell whether the last movement had 
been one of elevation or depression. In fact, the 
only safe inference that could l)e drawn was that 
the vertical movements the earth’s crust had 
undergone, as exhibited on the dry land, W(*re 
multitudinous, d’he fossils, such as the nummu- 
^litejii found in limestone of PiOcene age in the Alps, 
. Pyrenees, Caucasus, and tlie Himalayas, and up 
to ^0,500 feet in Western Tliibet,* had attained 
such extreme elevation througli the ro(J\s in which 
they were enclosed having been involved in the 
mountain-building. 

J{((i-sed J^cachcii * — Later investigations have, 
however, shown that numerous. vertical movements 
have taken place in t*lio British Isles in what are 
called Pleistoc ene times, some' being pre-glacial, 
others glacial or jiost-glacial, or even recent. These 
are marked by raised bcraches, liuricjd river-channels, 

or submerged forests.’ * 

^ • 

’ See ‘ Oscillations in tlio Level of the Land as shown bj* the Buried 
Biver Valleys and later Deposits in the Neighbourhood of Liverpool,’ 
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The proofs of those iaov<‘meuts are not to 
be questioned by any sfine investigator. 

Let any one who doubts visit the 40-foot beach 
on which the town of frvine, iu Ayrshire, is built, 
and examine the constitutidn of this considerable 
raised plateau or delta as shown in the banks of the 
Irvine Water, where it cuts through these deposits, 

and I’ venture to predict that he will return 

• • * 

convinced.’ • 

This raised beach is to he found repeated on 
the east coast of Ireland, and may be seen at 
Jjariie. It also is found on the northern shore of 
the Isle of IVIan c(jvering several square miles, 
tliough the uplift is small — not more than’ 10 feet. 
'I’here appears to have been a neutral axis to this 
uplift, stn'tching across the Irish sea south of the 
Isle of ‘Man, the north ,of this axis being, an, 
uplift increasing in vertical amplitude to the north,*' 
the south a ’depression hicroasing in amplitude 

south wardst U’he shores of the llristol (’diannel 

• • 

and of Cornwall and l)t\'on on the English Channel 
show evid(!iices of cf)nsiderable subsidence.^ 

Again, it* has been conclusively shown by 

Spencer, Cilbiirt,*^ and others, that the region of the 

• 

road before Section C. Lixorpool nioetin«» of tho l^ritisb Aasooiation, 
and publisliod in Geo. Mar/., Nov. IHUb, pp. 488- 92. 

* Soo ‘ (joolo*,ocal Position of the Irvino Whale Pod,’ J. Suiitb^ 

T rtf ns. Geo. Soc.y (llasf^ow, vol. \., no.*5, pp. 29 -50. 

See ‘The Peat and h’orost Hod <xt Westbury-oii-?}cvorn,’ Pn>r. 
Coliesieofft Nat/fi-nlists' 7^VV7r/ vril. xiv., Dec. 1901, pp. 15-40. 

III this connection see * Notes u'^mui the Ori;»in and History of 
the (ireat Lakes,’ Proc. Anu Assoc. Ativ. iSV/., vol. xxxvii. (1898) ; 
•A Ueview of the History of th <4 Hreat Lakis,’ Am. Geologist^ 
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Cri-eat flakes of North America has undergone 
warping or dilferential vertical movement, by w^hich 
the originally horizontal shores of the Lakes have 
become inclined, - and it is considered by these 
geologists that the. m6.vt;ment is still in progress. 
Gilbert estimates the mean rate of tilting at 0-4‘2 
foot per 100 miles per century.' 

Former subsidence is also shown by the fact 
that Lake Ontario, which is now only. 217 feet 
above the sea, is 7d8 feet in its greatest depth, or 
4i)l feet below sea-le^’el ; and there art‘ <)th(‘r 
evidences of changes of level and differential land 
movements. 

On the continent of North .Vmerica, it would 
appear from th(‘ observations of Dr. G. Dawson that 
the Kocky jMcnmtains exhibit evidences by raised 
hesK-lies at levels of froin four to live thousand feet 
of a former submersion to that extent ; and that 
this movement was diffenmtial he Infers from the 
presence of Lauren tian rocks, ^derivwl from the 
Laurentian Mountains.- • Though hitherto no 
marine fossils have been discovered in these 
Pleistocene beaches, it is diflicult'to resist the 



vol. xiv., Nov. 1894 (fnrtlier re ferences {riven on p. 295 of this last 
paper). 

• - Moaification of the ( Irea* T.akeabv Earth Alovoiuunt,’ Naiiomtl 
<tco. Mitg., wl. viii., 1897, ]>. ‘>15. • 

‘(ilacial lleposits of Soiali-W estern Alberta in the Vicinity of tho 
Rocky Alonntains,’ liiU. Gen. .^or. of Ainerirtt, vol. vii. p. S7 (1895). 

> See Phynical Qrnrfraphy fttui (J^o/ogy of Cantnia, pp. 48 nn<l 17 
< Reprinted from the Hinulhoolc Jiril. Annor., 1897). 
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also been observed near Mount St. bllias, in Alaska^ 
by Israel C. ilusselJ, up to 4,000 to 0,(X)0 feet. 

The Chaix Hills, thouf^h composed of soft, easily 
eroded strata, stand out in sharp ridges surmounted 
with irregular pyramids, indicative of imnniture 
sculpture ; this indication of youth is also sustained 
by the fossils with which many of the strata are 
chargt‘d, which are of living marine species. 

The most striking feattire of these hills is that 
for a thickness of from 4,000 to 5,000 feet they are 
composed of stratified morainal material. As the 
beds are tilted northwards at an angle of 10 or 15 
degrees, it would seem that the elevation was of a 
sharply dilTereiitial nature. ‘ 

Still latc^r Keginald A. Haly has described the 
occurrence of raised post-glacial shore-lines in 
Newfoundland and Jjubr^jdor, ranging from *575^ 
feet at St. John’s to ‘J50 feci at Nacl^vak.** 
Furthermore, * Mr. Daly gives a section between 
thc'se two»])(ints, showing in gra]iiic form the 
dilfenuitiaH)(*ndings that have takem ])lace along 
this uplift of elevei.i hundreal miles of coast. 

In his opinion, ‘ the xn’oiioflnced warping of the 
highest shorc'-line is incom])atible with the view 

‘ ‘SeeomlK\pf*litioMt<>MonntSt.K)ii\sin IStU Th i rieenth Annual 
Hi'pvrt rtf the iJivertors of thr I’.S. (iro. Surrei/ (p. 24 of reprint). 

In ‘ Heoonimissanccs iji the (’jipc Nome !iml Norton Biiy Regions, 
Aliiskii. in IIMM),' what wt-re oonsitlorf^l to be ele\atod marine benchos 
were diseoveri'cl at vai ious altitudes fr»m 200 to 1.700 %>t, from which 
the auth((rs (Alfred Rrooks, Richardson, Colliei*, and Memlenhall) con- 
chide that in comparatively recent tiflies the western province was 
submerged to a depth of 1.000 feet or more. Photographs accompany 
the description. V.S. Oco. Suri' 0 t/,J)ej)f. of fJte Interior, p. 58. 
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that changes in the position of the level of the sea 
over great stretches of the eiirfch’s surface are pro- 
duced solely by independent vertical movenients of 
the surface of the Ocean.’ ' 

In^ Greenland, undoubted sea margins with 
marine shells of recent spOcies ocOur up to 1,000 
feet, and Colonel Feilden’s observations go to 
prove that there has been a general moveinent of 
upheaval of the land which surrounds tlie North 
Pole, as previously pointed out by Sir Henry 
Howorth.- 

C’olonol H. \V. Feilden, in a valuablt* series of 
papers on the ‘ Glacial Geology of Arctic Furope 
and its Islands,’ shows that the marine elevated 
terracies of^ Norway extend northwards, and that 
the southern shore of the island of Arno ‘ is fringed 
i^or miles by three greats parallel terraces,*’ which 
" lio estimates as 50, 100, and 150 feet abovt; sea- 
level ; while at both sides of Va, ranger h^iovd, which 
separates Norway froni llussi an, territory, a well- 
known series of terraces occtirs. • 

The island of Kolguev, coyiposed entirely of 
sand and day, is in* itself a striking evidence of 
elevation. In Novaya Zemlya,* Franz Josef Hand, 
and Spitxbergen raised beaches are frequent, and it 
is (juite evident that a vast ar(\‘i to the north of 
llussia in l^hirope, including the bottom of the 
Arctic Sea, has been ‘elevated in comparatively 

' ‘The Creolo^y of the North-oast Ooiist of l.ahi'julor,’ /iuL 
Xlimeutu oj ('oviparrti-ivc at MariUtrti Cotlpqc, vol. v. no. 

p. 2.';9. 

AmmU "lul Maqa^inf of :Nahtral Iltafori/, 1H77, p. ISH. 
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recent times. On the other hand, the existence of 
the Norwegian fiords and the islands already 
named is evidence of an earlier subsidence of a 
mucdi greater vertictil range. These evidences of 
subsidence and upheaval go si.de by side almost 
universally, and eonclusively prove the existence 
of a mobility in the crust of the globe, independent 
of laterdl prt'ssure and mountain-making.^ 

Perhaps the most inttfresting information of 
these land movements has been due to the 
enthusiastic labour of ]\r. Arctowski, who, as 
g(>ologist of the Belgian Antarctic I^xpedition, 
laiided at twenty places on either side of the 
Belgica Strait, separating the Palmer Archipelago 
from the mass of Graham Land, and found indica- 
tions in the deep valleys running down from the 
land bel»w tlie sea-Iev*el of a general subsidence,’ 
‘ the whole of the district presenting clear evidmicai 
of being a submerged regie*!!!.’ Thus the evidences 
of land mowment have been literally traced from 
Pole to Pole.'^ • 

Professor Geor'^e Frederick Wright, in a paper 
read before thh Geological Society of London on 
‘Itecent Geological •('hanges in Norihern and Cen- 
tral Asia,’ the outcome of a journdy in lUOO-lOOl, 
says, ‘ The I -loess region of Turkestan, and indeed 
the whole area from the Seji of Aral to the Black 
Sea, appe!irs to have beeil recentlj^ elevated, ij! 
some places as much as 3,000 feet.’ 

' Sec Q. •/. O. S., vol. lii., ISOri, pp. 721 41. 

‘ Nfitute, navc'li UKll^p. als. 
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Oil the other hand, the continuation of the river- 
valleys as submarine valleys on the Pacific sub- 
marine slope,* and similar phenomena at the mouth 
of the Mississippi .and, as pointed out by Hpencer, 
on the eastern seaboard of the ITnited States, show 
that \he land was at one period, in Ifieistocene 
times, at a much greater elevation in relation to the 
sea than at present. Still further, T>v. Speifcer has 
brought forw’^ard evideiK‘o of the existeiu*e of an 
A.ntillean continent in Pleistocene times which 
involves movements of a much more stupendous 
kind.- 

Ill Africa, the valley of the (.\mgo is continued 
s^oaward-s as a submarine valley to a profound 
depth; and I fully believe that a cai’eful (‘lamina- 
tion of any continent or island on the globe would 
^5’iebl evidences of tluctuatiohs of hwel to greah'r 
^lesser extent. 

1)r. Heasch, in ‘ Naliuren,’ draws attention to 
the changes of level that have taken pUice in Fee- 
land in recent geological •times. Shallow-w'a,t(*r 
molluscs are found side* by side with deep-w'at('r 
forms. ‘ Tt was rc^narkable to dri'dge up from 
depths of 500 to 1,H(X) fatlnuns Yohllfi ((rcfic<(, 
wdiich now lives* at J^pitzbergen and in the Kara 

' To sliow the tmiversality of these iin)\ oiiierits of olcxation aii<l 
depression, J.)r, Andrew TjUM som considers tliat tluTOJiro ^or)d e\ i»leneos 
of an uplift ‘ of the entire c*oai|t of Csilifornin. from Sini I'h*jin(*isi*o to 
San Diego, iii post-i*liocene tiuies, »n extent of from HOO to l,ri()0 
feet’ (‘The Post-Plioct‘ne Diaslropliism of tlie (’oast «)f Southern 
California,’ liuf. of the of Calif vol. i. pp. 115-60), 

- ‘ lleconstruction of the Antillean Continent,' P>aL of thr Crn, Soc. 
of America, vol. vi, pp. 108 40 (lfjp5). 
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Sea at depths of from 5 to 100 fathojns.’ Keasch 
infers a sinking of the sea bottom of not less than 
2,500 metresJ 

J3rogger considers that the occurrence of high- 
arctic fossil shallow-water molhisca of the Yoldia 
fauna at great d(*pths in* the Norwegian Sea ‘ is 
explaint'd by the hypothesis that the sea bottom, 
during tlu^ tinui of the greatest ice-sluiet of Europe, 
must’haye been uplifted -at least 2, GOO metres 
higher than it is at present.’- lie also gives 
eviden(‘(‘ of inany changes of l(‘vel having taken 
plac(‘ (luring the glacial and post-glacial periods, 
and of a sinking of tlu^ land to about 210 nuitres, 
south of Mj()S(m.^ 

‘ NoturcH, l)(v. la, 1000. 

• Norr/i's ijeoliujiitkc an(fcrs(i</cl>fi’, No. lil, p. 082. 

^ Dr. Iliude, in lui uxcellent icw of iSrof'ffer’s ‘ .Monofjvaph on llie, 
Liitt* Oliieiat iiiid I’osta Uncial Changes of J..c\cl in the C'liri8ti?ima > 
Region,’ in the (ivoloijicnl Moijarinr for .Inly 1002. says: ‘One of 
most striking plieiioniena of the period of greate.st snbinergenee the 
('lu'istiaiiia Rionl is tin* well-known coral reef so earefnlly descrihetl 
by M. Sars. consisting of masses of the deep-water coi’al Ijojihohelia 
jiroli/rra, I, inn., which, M a dead hnt well-preserved eondition, occur 
at Drohak, sontli of Christiania, c<ncring the sea bottom at levels of 
00 metres Ixdow tin' surface, and they are also found over an area of 
abonl 100 square' kijpnietro?} to a height of 110 in. above the sea. Asso 
eiatod with the coral is the giant form of Luna eiravata, Fabr. 
Doth the coral and shell m’c now louml living in the Norwegian 
fiords at depths of 100- .’100 fathoms, and il is provable that they existed 
in the Christiania Fiord, at a depth not less than loO metres, when the 
climate was not vei\\ ditlerent from the ]U’esent and the margin of the 
land ice ,^et stood hohire Mjeiscn and Randsfiord.' 
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Part IT 

ORIGIN OF REGIONAL VERTICAL MOVEMENTS OF THE 

earth’s crust 

While evidences of these regional movements 
have acciimulatod with the progress of geology, the 

attempts to explain their origin can hai*dly*be said 

• * • 

to have advanced at the saim^ rate. 

Incompetence of the Principle of Jnostdct/ to 
explain Areal Oscillations of I^erel. — The principle 
of isostacy has been apjiealed to, but the niass of 
the solid earth involved in these movements is so 
vast, compared with any sedimentation that has 
taken place in the same period of time, that such 
an explanation is quite futile. 

• .One cubic mile of sediment })ressing down the 
^;ai'th’s crust, say, 1,000 feet could not lift two 
cubic miles of another portion of the cai'th’s crust 

1,000 feet high, whatever mobility the. undercrust 

• • * 

may be assumed to possess. Yet 1 .venture to 
afiirm, if we can ndy upon the observations ij noted, 
that the movenientj» of the earth’s ciliist in mass in 
Pleistocene times have exceeded by twenty times 
tht^ mass of sediment contemporaneously denuded 
from the land and laid down in the sea. 

Many thinkei’s, from an ciirly p<*riod in the 
study of geology, seeiifg that Avhile one x>ortion of 
the earth’s surface has been elevated another has 
bcHMi depressed, have ^considered the phenomena to 
be related as cause and .effect, looking upon these 
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opposite movements as contejuporaneous ; but 
why they should stand in this relation is not 
fipparent. The explanation present to their minds 
appears to have been that in sonm unknown way 

there was a transference of material from areas of 

• • 

subsidence to ureiis of elevation, which, of cmirse, 
must have taken place either in or under the 
t^arth’s trust. An adequate cause of such a 
transfdrehce on ‘the scale Required is difficult to 
conceive.^ 

The additional mass of material added or 
pushed up ill one area would have to be balanced 
by an additional weij^ht added to the depressed 
area. A shifting of weight by denudation and 
sedimentation wo can conceive; but, as we have 
seen, it is insufficient, and such transforefice, even 
if it bent down the crusf, would not cause holloivs 
or api)a.rent dcjnession, but rather lilling-i^ 
Where, tlum, can the extra ^veight in the dojiressec 
ar<‘a be deri\itHl from to balance the extra mass in 
the upheaved area, lor if* one movement were con- 
sequent upon the other some such transf(‘renco of 
material would seem to be recpiired? We can 
scar(?ely appeal to secular cooling of the earth as an 
efficient cause, nor am I aware* that any geologists 
have done so. It may, however, be thought 
that tlui cooling and falling in, or bending, of the 

crust can in some way produce this ellect ; but I 

• • • ... 

' ill liis Prt nvi plcH of Gcolotjy devotes chap, wxiii. 

vol. ii. (tenth edition) to a discussion* of many ol those questions. 
Science has advanced since this was written, hut it is well worth 
reiidinij. • 
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have a difhculty in following out such .a Cyoncep- 
tion. Secular refrigeration, it appears to me, 
would act cumulatively in one direction, whereas 
the movements the earth’s envelope are essen- 
tially slow pulsatimis;. 

Not tine to External -or Intej*nnl T ra nnferencen 
of Material from one I joens to another.- -~Oi\ a full 
consideration it seems highly improbnhle that 
these movements are tine in any gn^ajt measure 
to eitlnu* an external or internal transference of 
material from one area to another, TIk^ balance 
of pressure must be preserved within certahi liniits, 
and 1 find it impossible to think of any force or 
agency at work in the earth’s interior tending to 
produce such a movement ; but even if th(‘r(‘ W(‘re 
such an agency, its effect would b(‘ limited by tlie 
p(\ssible deformation the *eavth could stand and 
j^tain. I ventun? to think that if the specific 
gravity of the material!? of the earth were identical 

in each of the zones frtnn the surface to the centrt*, 

• • 

even though the earth were as rigid as steel, tlu' 
present configuration or in('(|nalities of the hwels 
of the earth’s snrhfce <*on]d not be i^daiiu'd.’ 

* Ur. Cl. II. Diirwin, in piijuT ‘ On iVie Stresses line to tho 
of Oontiiionts ’ ( /V//?, Tntns, <>/ ih*' lUnjnl 1882), ustiiiialt's 

that the strrss-diffureiicc; niidiT thn contine nts of Africaainl Aniericji 
is at amaxiinum at inoro than 1,100 miles from the eartirs surface, aiul 
there amounts to about 4 tons per scpuire inch, and lie remarks that 
marble would break under this stress, but tliat sfro/tf/ granite would 
stand (i^. 220). In this cakuilatiog he* appears to have hfilved tlie 
heif^hts to allow for tbe smaller density of the surface rock. 

Dr. Darwin in this pi^)t*5r iinesti^ates se\eral problems of tins 
nature, workin" from certain hypothetical assumptions, and the results 
are most interesting. A eonsidt*ration of the whole snhject h*ads me 
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Menu specific (rrarilij nf the Elemted Portions 
of the (U'nst of the Earth less than, the Mea,v 
Specific (h-avltij of the Whole Crust. If these con- 
ceptions liave an element of tnith in them, the 
mean specific /^n-avity of the. •elevated parts of the 
earth, and the foundations on which they rest — 
that is, the continents and their mountains, and the 
uiider-m'ass of the earth- must be less than the 
specific gravity of the eaitli’s crust and interior 
mass underlying the deepest depressions. So far 
as pendulum observations inform us, the fact 
appears to be established that the earth has a 
higher specific gravity under the oceans than it 
has under the continents.’ 

These observations, limited though they be, tend 
to show that though the levi'ls of the earth’s 


to tliiiik that such stress ilitVcrcue(‘s (umhl not he niaintfiinod through 
f^coloj’ical time. \Vf? liavc seen that tlie earth is iiiobilo aiu^#^[T? 
chant^c's it niidoiT^oe;? iiiultitndinons, ff slow. Iteailjustiiiciits are coii- 
tinnally takin^^ It is also f)pcn to d<)n])t whether with such 

stress-diHcrcnces a stataifof cijiiilihrium sufiicicntly stable for the 
preservation of#llie c\istin^ ini-^ualiti(‘s of tin* earth’s surface could 
exist (*ven wore tlie earti* an inert luah. wliich it certainly is not. 

^ See ‘ liesnlts of a Transcontinental Scries of (iravity ^Teasurc- 
nieiitft,’ by (1. 11. rutiiam. with notes by (f. K. (lilbort, /7e/7. *Sor. of 
WaHliimjion /?///., vol. xiii. pp. 70. See also ('hap. xv., Physim 
of the Hart/i's secoiul (*dition. wli^re Mr. Osmond Fisher dis- 

cusses the ‘ Hevelations nf the Pendulum.' Major S. O.lhirrard, after 
a len*<th(*iied series of oijservations on the attractions of the Himalaya 
Mountains on iho pluinh-Iinc, iinds certain discrepancies which drive 
him to the c<»nc1usion that the undiscovered cause oi the disturbance 
is traceable to a j^rcat invisible chain. excessive density, traversing 
India from Hahisoro, near tlie iiKiutli rtf the Tloofxldy, Ip Jodhpur in 
Kajputana, and underlying ]\landla and Hhopal, nr, roughly speaking, 
running parallel with the Tlimaluyjfn^ chain (Ar/Zz/n*, Max 11)(W, 
pp. 80 82). ’fhat there exist considcaaMe local variations of density 
in the eartli's crust is e.xlremely prolyible. 
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surface arc variable, there exists in the earth’s 
interior an eciiiality of stresses, and that the pro- 
tuberances do not create stresses on their founda- 
tions tending to foretj them down and, by displacing 
the under-layers, briiig about an etpiality of surfaci^ 
levels. If the protuberances -»by which I mean 
those ])ortions of th(^ continents and islands that are 
above the moan spheroidal level — represt'iiC so much 
additional material piled upon a statically bsxlanced 
spheroid, it seems to me that a gradual deformation 
must be taking place and a sinking of the higher 
lands. Should this be the case, what force (‘xists 
within the earth to prevent the continued elfects of 
this weighting and the natural removal of promi- 
nences above the sea-level to one uniform planer' 
If no such force exists, or has (‘xisted, the (‘arth 
would long have ceased to possess the diversihed 
'K-fC'^tures of land and wat(‘r, so favourable to the 
habitation of man, and* which have taken him so 
long to disc-over and map out.^ 


' irersclipl, with ffrcut lUMinion. has poiniod out ‘ that if \\e would 
di\id(‘ the globe into two hoiuisphoins, thfvone of whicli shall contain 
the greatest <iuaiitity of l.ind, and the otlu-r of water, it nmst be cut 
by a plane perpendicular, not to tlic axis of rotation, bnt (singularly 
enough) to the diameter, ijjissing through the south-west corner of 
England. The fact is instnictive, as it pro\es the force hy wlii<'h tin- 
continents arc sustaine<lia one of inasmuch as it indicates 

a situation of the centre of gra\ity of the total mass of the earth 
somewhat eccentrie relati\ely to that of the general figure of tlu' 
external surface the ccceiitrk-ity lying in the direction t>f our anti- 
podes — aud^s therefore a preof of U<he eomparatixe lif/hiru'sn of the 
materials of the terrestrial heinisphero ’ {Vhijsirul Gent/niph ti, 
pp. 14 ITj, fifth edition), fl^ferring to the same phenomenon, I r. 
Darwin in the paper already (ptuted says (p. ‘2)10) it has been impossible 
for him in that paper ‘to take, any notice of the stresses ]»i'odneed 
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Internal Aatinitics preserre the Uclatire Pro- 
porfions of Tjftnd and Water. — Whichevor way the 
probli'Jii is lookenl at, it is evident that activities 
must exist within the earth tending to the pres(‘rva- 
tion (if the relativt* proportions of land and water, 
which geologically seem to have been fairly Con- 
stant throiighont the ages. 

We have seen that removal of weight from one 
locus to another by donuchition, though , it may 
have its effect combined with other causes, is, 
mechanically speaking, fpiantitatively incompetent 
to * ci'eate tluj necessary moviuiients of the crust. 
Nay more, in principle it contains the elements of 
its own destruction as a cause of variations of level 
of the earth’s surface, for the longer the time that 
clax)s(‘s, the less will be its effect, until its*activities 
die out altogether. In fa(^t tiii^ causes invoked jbo 
acu'ount for these* changes of level are but secoii^ 
<iry effects of some primaFy cause, which woidd 
gradually coyie to an end when the primary force 
ceased. , • 

AMiat, as philosophers, we have to liud out is 
the probable mffcurc* 'of this a<;tive principle, which 
may, indi*ed, hr* reckyned as the vital force of our 
planet. * 

That upheavals abovi* the mean level of the 
sphc'roid are balanced by depressions below it, and 
that they take place cont(*mporanoously, may or 

may not be* tru(?. Wo have no solid pro<*)f that it 

• % 

by tho most fmuliinicntal inc«iuality of the earth’s surface, because it 
dcpeiiils essoiitially on hcterof^ciicity of density.’ 
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is so, and nothing in disproof. If true, it would at 
best be no more nor less than the statement of a 
fact, and carry no dynamical explanation with it. 

Oluinrjen of Tjcvp^ due to OhantjeH of Voluute ui 
HecMous of the Kartll . wt thont CharKje of Jfftss . — 
Tjooking at the (pu^stiitn from* ev*ery point, the 
various facts already stated appear to me to point 
to one conclusion, and to one only. The* changes 
of level must be due tb cliaiigc of bulk, of certain 
sections or portions of the earth without change of 
mass.’ 

To what can we assign this active principle* of 
change ? The most obvious answer is. Variations of 
temperature. Jiutwliat is there to create*, variations 
of temperature in the earth’s mass? Blanketing 
by sedimentary deposits, as already explained, is 
(quantitatively insufficient, and the rnovt'nients arc, 
tw^^we have seen, largely independent of sucli surfa(^e 
transference of matter.* • 

Our ac(|uaintanc.e with the cc^aidition of the 
earth’s interior is so limited that little more tiian 
sugg()stions can be offered. 

If the earth bt' the rigid body ‘physicists now 
maintain it to be, it is obvious, considering the rate 
of incH'ase of temperature downwards — tin* nic‘.an 
being estimated at I'" Fahr. })er /50 fe(!t — that it is 
(mly kept solid by compression, and tliat were a 
sufficient relief of jlressure to take place at any 
locus the m.atter which before act(‘d as a solid 
would then act as a itukl. 

Siiess’s \io\vs }nv«clt‘alt with in Chapter \iii. 


1 



GEOMORPIIIC CHANGES 


17 


The intermittent action of volcanoes and the 
changes of position in volcanie- centres that have 
taken place in geological time seem to point to an 
instability of conditions, such as* would naturally 
characterise a globe at a high temperatui'e kept 
solid by pressure.! 

In my ‘ Origin of ^fountain lianges ’ - I have 
said : ‘ It seems to me that unless the matter 
wliiclr is inolteh at the surface is solid at its 
origin, it is im])ossible to formulate a satisfactory 
exjdanation of volcanic phenomena.’ The view 
tlrat our globe is an inert cooling mass, which 
sulTers no change except that due to secular 
contraction, is not supported by tlie facts of geology. 
Indecid, the very reverse is the case.** Geologists 
are well aware tha,t even near the surfacre, where 
the temp|;rature is coiTiparatively low, surj)rising ‘ 
iiitorclianges of miiK'ral matter have been cyiv 
staiitly taking -place. 'J’he microscopic study of 

rocks has rpv(‘al('d to us tlu^ striking fact that 

•» 

m ^ , 

* Sir A. in his coiiipi*oh(*nsi\ o work on Thr Ajiricat 

Volraiiors of thr Hviiish points out that in sojiie cases tliore has 

been a recurrcnco of xolcainic action in certain areas througli a lon^ 
succession of geological periods. Tlu* countic'sof Devon and Cornwall 
are point(‘d to as examples, "The extensive eruptions in i)n\o)iian 
time were followed, after a long interval, hy a diminished series in the 
<'arboniferous j)oriod. Jhit the sublerraneaii energy was not then 
wholly exhausted, for it showed itself on a foehlo scale, in at l(‘ast one 
limited tract of the same region, during the rermian period ’ (vol. ii. 
p. 94). 

" l\ 259. 

Nor, by analogy, is it sui)ported by astronomy, for there is every 
reason to believe that stars do not siinply decrease in temperature, 
but botli increase and decrease (ATu/^/rc, Nov. 12, 1890, p. 28J ). 

CJ 
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chemical and mineralo^^ical clianf>es of a remark- 
able kind have taken place in the liardest rocks. 

Still more striking, as upsetting our precon- 
ceiv(‘d notions (>f tjie stability of matter, is the 
fact, determined l\y the experiments of Sir \V. (-k 
Hoberts- Austen, that if a cylinder of solid lead is 
placed upon a disc of gold for a ])eriod of four 
years at a nearly constant temperature Of 18® C. 
gold passes into the lead. Tn flic lowest* layer 
of *75 mm. gold was present to the extent of 
1 oz. G dwt. per ton, while in a slice 7 mm. 
froni the surface of contact there* was 1.^ dwt. 
])er ton. It is calcidated that tin* rate of diffusion 
is about of that in molten lead.’ In his 

luminous and highly ])hilosopliica] address to tin* 
British Association at (ilasgow, IGOl, Ih-ofossor 
* liUcker, alluding to th(*se ex*perimt*nts, pein*tratingly 
*Hbilji^erved : ‘The phenomena of diffusion afford 
conclusive proof tliat* matter when a])parently 
(piiescent is, in fact, in a state of iuternal com- 
motion. I need not r(.*caipitulat<? tjie familiar 
evidence to ])rove that gases and many liquids, 
when placed in ccfminunication, in1,er])enetrate or 
diffuse into each other; or that air in contact with 
a surfact^ of water gradually bec.oujes laden with 
water-vapour, while the atmospheric gases in turn 
mingU* with the water. Such phenojtieiia are not 
(!xhibited by liquids 'and gas(*s alone, or by solids 

at high temperatures only. 8ir \V. liol)erts-Aust(*n 

# • 

^ Aynrrican Jtnirnnl of Science^ Miirch 1901, p. 286, quoted from 
JoHT'nal of Chem, Soc., Iwx. 
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has placed pieces of ^old and lead in contact at a 
temperature of 18° (J. After four years the gold 
had travelled into tlu; lead to such an extent that 
not only \v(‘re the two metals’’ united, but on 
analysis appreciable quantities . of the gold ^wej-e 
detected, oven at- a distance of more than 5 milli- 
metres from the common surface, while within a 
distance!* of three-quarters of a millimetre from the 
sin-facb gqld hael pt'iietrattitl into the lead to the 
extent of 1 oz. 0 dwt. per ton, an amount which 
could have been prolitably extracted.’ 

• If int<‘rchang(‘ of matter takes place under these 
apparently unlikely conditions, how much more 
intense must b(^ the interat-tion of tJie elenients in 
the lithosphere! of the cnirth ! Kocks formerly at 
tJie surface, whetlier originating from sub-aerial 
wast(‘ and sedimentation or^ ejected from volcanoes 
in the form of lava or ashes, become buried und' :*- 
oilier matter ;<md are subjected to pressure and 
heat, t’he materials of our iilanet, so fa.r as wo can 
obscrv(* them, are in a Constant state of Hux and 

cliange, sometimes very actively, at other tim<!s 

■ 

more slowly, alid many are thf; changes rung on 

the combinations of .the elements. These surface 

# 

changes in the composition and form of the envelope 
of the earth are the life of the planet, anti a 
continuation of ])erhaps greater changes which 
they have formerly underLfone in the earth’s 
interior.' 


' Since these and following lines were written Taeut.-Genernl 
ATcMahon, in his luldress to Seetum C of the Belfast ineetiii" of tlie 
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When we see that the outer envelope, with 
which we are best acquainted, undergoes an evolu- 
tion through the continual addition made to its 
sedimentary c*rusl by the waste from rocks ejected 
at the. surface by Volcanic action, and by the 
cdiemical and miueralogrcal combinations and re- 
combinations that take place from their new 
associations, can we refuse to believe that a mass 
of complex matter in tdie earth’s interior, vast in 
comparison, at a very high temperature and under 
euornioufi ■j)rcsf{u re, vuri/nitj trtfh tLs depfJt, is not 
similarly, but to a higher degree, subj(‘ct to change 
and int(‘rchange, combination and recombination? 

Furthermore, as showing the complexity of 
cliese molecnlar actions, it was pointed out as early 
as IH^o, by Scro})e, in his classic woi-k on volcanoes, 
,*that there is good naison’ to believt^ ‘ that in the 
f!^V^-»ater number of cases lava, when issuing from a 
volcanic- v(>nt, is already granulated', or composed of 
more or k'ss imj)(M*f<‘ct crystals enveloped in a bas(‘ 
or paste of liner grain,’ and that its Ihgdity is du(‘ 
t<j contain(‘d water or vapour of water.’ These 
crystals app(*.ar tf) have ‘ suffered considerable 

Jiritisli Association (1^02) oj[i * liock Metnmorphisiii,’ has statf'd that a. 
rise of tcinporatun* ‘ ijicroases the porosity of minerals and facilitates 
the passa*.,'<‘ of liipiids and ^asos through tlicir jxn'cs/ ilt* jiistanct*s 
the well-known fact that mctainovphic chiingus soinetiines begin at 
the licart of a crystal, and leav<! the peripheral portions of it frf^sli and 
unaltered. ‘ In such cases *1110 chemical agents of ehangi' ha\o 
cxidently ppssc<l freely through tliu outer parts of the crystal, and 
have by prcfercnice selected its internal parts for jiUack/ The address 
is an interesting and luininfinS evpositioJi of tlio intcrponelrabiUty of 
matter. 

' So(*ond cditiim, pp. 1 1(3-17. • 
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attrition, rounding, and disintegration through 
mutual friction.’ Judd adopts this view, adding 
some confirmatory microscopic evidence in his 
‘Volcanoes, What they are and What they 
teach.’ ’ . 

# 

JSri<lcitce of Volcanoes as to the Interior of the 
Uarth . — It is well known that the lavas ejected 
from volcanoes differ at various times. At one time 
basic lavas prevail, at another acidic.- 

It has been sought, by Richthofen and others, to 
educe laws which govern the suc;c(}ssion of these 
eruptions, but, iiccording to Judd, such attempts 
have hitherto failed. 

The fact, however, of the variability of the 
ejections points to mineral and chemical changes 
going on ill nature’s laboratory. Professor Tddings 
lias lately, in a. paper pnbhshed in the ‘ Quarterly , 
Jouriijil of the (h'ological Society,’ ‘ On Extrusive 
and Intrusive • I giK'ous Rocks ns a Product of 

Magmatic llifferentiation,’ sought to prove that ‘ in 

•# 

a region oj eru])ti\'o activity the succession of 
eruptions comnuuici's in genei’al with magmas 
representing ‘a .mt*an composition, and ends 
with those of extreme composition.’ Professor 
Iddings considiu's that dilTerentiatiou in the most 
deeply seated magmas progresses the most slowly, 

otluu' things being eipial, and that the dejiths at 

« 

' IHSl, ].p. 00 GI. 

Jt would appear that acid lavas usually precede basic, and that 
not iiifretpicntly a lava of int('rniediate*c(Jlnpositioii is the first ejected. 
See VoJcitnocx, by T. (I. Uonney, p. IJOo. 

=* Vol. lii. p. OOti, 1800. 
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which the once molten floods of rhyolite and basalt 
of the Teton ranj^je were differentiated must have 
been profound. One cannot help assenting to 
this proposition'i \yhen it is considered thiit 
the whole mass of the volcanic matter extruded 
in the area treated of, which includes the Yellow- 
stone National Park, is estimated at 4,000 cubic 
miles.^ 

Iddings also infers that the process of differen- 
tiation is influenced by ‘ the size, position, and 
shape of the reservoir, and possible differences of 
temperature ; the times of eruption, size and shapt* 
of the conduit, and the laws controlling the How of 
lupiids.’ “ Prom this it would secmi that, in his 



opinion, mechanical conditions alone may be a potent 
influencing agency. If, however, changes in tlu' 
myiigma ciin be induced by* nn'clianica! cruises, ilie 


j;i^ultaut differentiation will bring clumiical forc(‘s 
into play ; indeed it is *(1111101111 to was where action 


and reaction would cease. AVIkui ,we eonsidia* 
that even in minemls tliat crystallise out in two 
systems the specific gravities are seldom the saim', 
though the cbemk'al constituents* are idtaitical, 
it Avould seem that such differentiation, ^^•llether 
proce^eding from seiiaration or recombination of 
the elements, would be accompanied by a change of 
bulk. Purthermore, wlum now combinations take 


place, they are usually accompanied by a change; of 
temperature, which niust’ affect the bulk of the 
matter in which it of*curs as well as that surround- 


’ r. (HI. 


’ 1‘. (51(5. 
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ing and above it, through which the change of 
temperature must travel.^ 

liecalescence. — Even in the process of cooling 
sudden changes of toinpcraturo take place, as 
instanced in what is called ‘ recalescence.’ When 
a bar of hard iron,is cooled from a white heat, tihere 
is a sudden development of heat at a dull redness 
and the magnetic properties of the iron change 
abruptly/^ * . 

It was shown by Osmond that as a mass of iron 
or steel cools down there are at least two distinct 
evolutions of heat, one occurring at a variable tem- 

* In ;i oinvrull.v thoiif^ht-ont treatise of iniioh originality on 
‘ Metaniorphisin of Itocks and llock J^'lowa^e ’ {Bulletin of the Oeo, 
of Antcviea^ vol, i\. ])p. 209 1808), Van llise shows in con- 

siderable detail that these mineral chan j;es often result increase of 
bulk and evolution of lieat ; in other cases in decrease of bulk and 
absorption o^ li(*aU lie also pouits out tiial pressure and temperature* 
are main factors in these inineralo^i^al transformations, b'inally, lie 
comes to the conclusion that there exist in the earth's erust Lwb 
^ plnsico-chemical Z(fiies/ an ‘ upper i and a. ‘lower.’ ‘in the upper 
of the reactions tnkc j)laco with tlie t‘xpansion of \oJimje and 

with the liberatirtii of hca|.^ as eml re sults. In the lower tlu! reactions 
take place with coniraction of#vc)lujne and with the absorption of 
heat as end results. Some of the more imyx>rcant reactions in the 
upper /one are hydration, oxidation, and carbonation ; some of the 
more important reaetions in the lower zoiu^are ilchydration, sulphida- 
tion, and silicatioii ’ (p. 

Witliout eoinmittin^ oiU'self entirely J.o so w'idc a f^enoralisatlon, 
the facts brou^dit forward b\ Van llise abundantly justify the conten- 
tion of this tr(‘atise, that to a very considerable dc'pth the materials 
of the earth’s erust are in a continual state of Hux and reflux. It is, 
however, at depths considerably greater than those treated of by Van 
Jlise, and affecting far larger masses of, the earth, that J seek to show 
that changes of volume slowly take plac;' which distort th«‘ symmetrical 
figure of the sphe roid, producing pnlsatij)iis of cunsidcrable amplitude, 
which are disclosed to us by the osciHaiioiis of the land, sometimes 
affecting large conlinental areas. 

« Kngincrr, July 8, 1887, p. 25, ^ 
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perature not lii^L^lier than 855 ’ C., the other at a 
more eonstant temperature near 050° CJ 

Just as a certain temperature must he attained 
before anj' particular combination can occur, so 
there is a certaiii temperature above which any 
jiarticular compound cannot exist." 

That the phenomenon of ‘ recalescencc ’ is not 
only acc(3mx)anied by a sudden development of heat, 
but also by expansion and c‘han#:?c^ of bulk, is shown 
by a procoss in c'ertain American rollinj^-mills, 
where the bars are rolled in l(;n;.iths of 500 feet, and 
allowed to cool in a special c'.ooliji^ bed, which keeps 
them straiiL^ht. 55ie ^reat len^tli of the bars 
I’c'iiders very evident certain ])ecnliarities in their 
contraction when cooling, the total movement being 
betwecm ^ and I inches. It is noted that when first 
• pl^iced on the bed contraction proceeds r.apidly, then 
checks, and finally ceasc^s. The' bar them e-Xiiands 
again, probably during> rc'cah'sctmt- afU'r which 
the c'ontraction is uniform till the nietjil is cold.-^ 
Ordinary clumiical rea«»tion"may be moditied by 
the abnormally higli temp<*rntnre attained during 
the Bosscmn'r blow.* 11, Tj(‘ •(,-hatelic‘r has 
shown ' that if a small (juantjty of clay is heated 

* Nature^ Mmvli 0, 1890, p. 420, Sir \V. Koborts- An.ston s;»\.s; 

‘ Wc now know that as stud <*ouls down tlicru may bo :it six: 

points fit wliiuli inolutMilar (‘lian;;** occmu's, acf'oinpaniod with <'\oIutioii 
of hoiit * (/A/V/., May 11, 1899, .p. 4:i), 

* Nature^ Duo, 18, 1890, p. 160.^ ‘CUi'iniual Aution and thu Coii- 
sci’\'ation o^ Knurov.’ S])uncor U. ^i(■l\erin^^ 

^ British ArrhiiecL^ ^hnrrlf 2;j, 1900, p, 201. 

^ Nftturr, Nos. 20, 1890, p. o2. 

* Proc, of Inst. vol.^xri. p. 1G8 flB87 88). 
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rapidly, a retardation of the rise of temperature is 
observed at the moment of dehydration, and the 
points at whif-li tliese retardations take place 
appear to bo ch;iracteristic of diifereiieos in the 
several liydrated silicates of alumina. The result 
is similar to thai^ which. has alread}’ bot'ii deter- 
mined in lime burning, and is due to the circum- 
stance that th(‘ speed of chemical reaction, as soon 
as it has attaint'd a suitabh' A’alue, is enormously 
au^’mented for very small increments of tempera- 
ture. Instances siich as these could, no doubt, be 
multiplied almost indefinitely by those better 
acquainted with chemistry than I am. 

Mr. Cleor^e F. IIeck(‘r, in a pa])er entitled ‘ A 
New haw of Thermo-Chemistry,’ ‘ s^ys : ‘ There is 
every theoretical and experiniental feason to 
suppose! i^hat the fluid ^‘ruptive magma consists of* 
OIK' or more c(^m])ounds differing' essentially from * 
the minerals eventually found in it. In cooling it 
must, therefori?, undergo a scuic's of chemical and 
physical changes.** ’Ihe formation of any new 
stable compound, whetlu'r fluid or solid, in the mass 
converts other forihs of energy into heat ; but at 
the sanu' time the saibtraction of any such group of 
molecules from a previously ^'xisting combination 
alters tin* chemical constitution of the residm*.’ 

ChaiKje of YoJinne ivUh Cluiuffc <f VomUiUms. 
Perhaps tlui most singular instances of change 
of physical properties and o*f volume with change 
of conditions are those mefltioned by Dr. John 

' Atncr. Jourfi. of Fob. 1880, pp. 120-25. 
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Hopkinson in the d^iscussion of H. F. PavshaU’s 
paper, read before the Institution of Civil Engineers, 
on the ‘ Magnetic Testing and Data of Ir()n and 
Steel.’ * Nickel -steel containing 5 per cent, of 
nickel possessed very high tensile strength and a 
very*high niaxiniinu magnetisatitai. 

The same was the case as regards magnetisation, 
to an even higlier degree, with a mixture in which 
70 to 78 per cent. Avas nickel aitd thc5 remainder 
iron. ]\rore remarkable, however, is the fact that the 
nickel steel conhiining an iiitermecliate perciaitage, 
such as 20 or 2/5 per cent, of nickel, Avas as doliN'ered 
from tlie mamifactoiy practically non-magnetic — 
almost as non-magnetisahle as maiigaiu'sc steel. 
It appeared to be a material wliicli prescjited none 
of the iftarked })ecnliar cJinractc'rs of inV-kel or 
•iron with regard to magnetiism. Neverthi'less, if a. 
sample of this materia*! were cooled to 20 C. or 
8C>^ or, cA'Cii bt'tU'r, a^ower t(Mii])wrat\ire, it Avonld 
be found that it ])r(‘sently became strongly niag- 
netisable. But tliat is npt alf. If tlie material 
AA^ere allowt'd to becouu? AA'arm again, it rcmiained 
magnetisable, and contijiucd to be so until heated 
to about 000° C. or 700° C., Avheu it chfinged ov(‘r 
again and became •iiou-niagm^isable, and Avlien 
cooled to the ordinary temj)eratur(‘. remained so. 
jMany other of its physical propertit's \v('re also 
changed. Its tensiltj strengtii wlien in its non- 
magnetisable conditioh Avds /50 tons to the s(|uare 
inch, and the breaking stress Avas increased to 

* Proc. of Tnni. of CM., vol. c-xxvi. p. 253 (ISiWi). 
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80 tons per square inch ^vhen the metal was 
cooled and rendered magnetisable. The extension 
in one case might be 80 jicr cent. ; in the others it 
fell to 7 or 8 per cent. (lensit/j in the 

non-may net isable .state differed by about 2 c&nt. 
from the density iji the muyneti.sable condition*} 

Carbon hi Steel .subjected to yreat Pressure 
chanyes* to Graphite or Piamond.- It was also 
stated by Mr. PTirshall in Ids paper - that the small 
amount of carbon present in cast steel was in the 
combined state, but in castings subjecli^d to groat 
strains tlie conibined ca)’bon partly changes to 
grapliite. 

In a. paper by Leon 3^^‘anck, of whicli an abstract 
appears in the same volume,’’ it is stated tliat 
carbon in tlu' diamond form was obtained by 
^lt)issan,^ in ])y t hill c asting at a very higli* 

tem])cratur(', when the interior solidilli's under the > ’ 
pressure* of a rigid c‘n\ elope. 

furthermore, M. Franck hinisc'lf obtained from 
juc'lted but unwrc’ught steel, hy treatment with 
acid, particle's that have the' charactc'ristic octa- 
hedral form «f tlu** diamond, J)ut so small as to 
recpiirc an aniplilication of 2,o()() to 8,000 to render 
them visible. Unfentunately, T)ur know ledge of the 
chc'inical reactions and dissociations that take* 

' Jt is ;i Rlill iiiori' cniious fiirl, iu)tf<l l>_\ (UiiIImuiik-, ihal tlu rt- iivo 
‘ fCM-taiii nicki-1 stc-t ls will not i njmiiuI I>v lu-iit, and others that 

eoiitraet wlien heateil and e\pan<i wlien eool.’ Sir \V. Itoht'rls-Aiisten’s 
rrcjsideiitial Addn ss to the Iron and Institute (Nature, May 11, 

1899, p. 42). 

- Vror. of hint, of (\N. vol. <-\xvJ. p. 228. ' Ibid. i». 478. 
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place at high tcnipenitures in largt^ masses has to 
be. almost (‘iitirely drawn from the processes of 
iron manufacture ; yet, as showing how miiuit(‘ 
quantities of matter may alt('r the physical 
conditions and melting-jmints of other matters, I 
may* mention that the presence-^^f ()-5 p(‘r cent, of 
carbon lowers th{‘ melting-point of iron from 
1,000"' 0. to l,5:l(f C., ' and it is a. knftwn fact 
that endothermic combinations take place at a 
high teni])eratiir(‘.-’ 

TJu' hhtrth not an I itni ^^(l,s.s roulinfj in Sjxicc. 
Though, as admitted, our knowledge' of the earth's 
interior is so extienu'ly limited, 1 hav(', 1 trust, 
brought forward suHicient rc'asons to show that 
whatever conditions obtain, they are of consider- 
able ct)nT^)h‘xity, and that the conception of the 
•eayth sim})ly as a)i i)iri f niftss cot»ling in .space is a 
fallacicnis oiu'. ('ooling in space it certainly is ; 
but the phenomena of vob anoc's, wrth tlieij* varying 
products of emission at varying temp^'raturt'S, tlu' 
mineral changes tliat we s:*fe ha*\e taken place and 
are still taking pkice in tlu' rocks \\itbin our k('n, 
the plK'nomena of mineral vein’s aiubeartlupiakes 
all point to the existence of^li\ing forces which 
analogy leads ns *to int(*rpret as ('vidences of 
clumiical changes and variations of tem]K'rature, 
accompanied l)yclianges of vohum* in the niati'rials 
of which onr })lanet is compf)sed. 

If there' h(! any truth hi these views, wti may 
naturally look to tlfe*’ loci of volcanic ('iicirgies as 
' Noiitrr, M!,> 11, 1H9U, p. - JhiJ. Max 11, ISU9, p. 11. 
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a.roas in whieli tliusji clKMuic^al and tliomial per- 
turbations are excc'ptionally fu;liv(‘. 

I have in niy‘()ri‘<in of ^Xroiintain IJan^^es ’ 
given reasons foi' thinking that th(> voleanic; pipes 
from wliieli these lava, emissions procet^d are in 
communication, either direct or indirect, witl* the 
interior heat(*d iniclejiis. If tin's he so, (‘verv 
emissions of lava will ])o accompanied by a move- 
m(‘nt of the heahal matter*of tlu^ eartli’s int(‘rior 
towards the l)ase of the vents. SticJi a movement 
will necessarily' bring togt'ther matt(*r diff(*ring 
somciwhat both in constitution and tlu^anal con- 
dition. From tlu'se, otlu'r combinations and 
rea(d.ions will follow, accoinpanital by the dis- 
engageiiKMit of heat and alt(M*ation of volume. 
Volcanoes may be taken as indicative of fl}e actual 
exist(*nc(;, of these (l^ouditions, and it is Jn* 
volcanic ar(‘as tliat th»‘ grt‘at(^st recent regional 
<'bang(‘s of U‘vel have taken ])lace. From tin* 
(‘xtrcujH' south of South Anuuica. to the extreme 
noith of North Aiheri(«i, in .Vlaska, a, distance of 
t'ight thousand miles. <*viden<‘<*s of great chaiigt^s of 
le\'el hav(‘ been re(‘drded, as alrp'ady mentioned, by 
(■harh's Darwin,' Dr. (i. Dawson, Tsraid llussell, 
and otlua's, amounting ti) as fniich as o,0()() feet, 
and this line is tlu^ seat of iiumej'ous active 
vok'aiKH'S. 

Antilles may be considertal to belong to 
the sa.nu‘ system, and 'to be connected with the 
volcanot's of (Central Aimni?-a ; and, as already 

* ( itoiatfiCd f Ol/srrca / njits. 
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stilted, it is hero that J. W. Spoiujor finds 
(‘videnoe of the former (‘xistence of a I’loistooene 
continent. Those instances may be mnltipliod by 
examples from otlior.parts of tlio world. 

1»A11T HE '■ 

MAGNITUDE OE THE MECnANlCAIi EOlfCES IXMp.VEJ) IN 

CONTINENTAIi OSUl I.LATIONS 

• • 

lEaving now tjstaldished tin' oxistcaico of tln'sc 
widespread movements alTecting tMiormous iireas of 
the earth’s lithos])h(‘re, it will be well to consider 
what relation in magnitude, they bear to tlu^ other 
geological jigeucies, mostly sc'dimentsiry, at work in 
building up the com))lex features of the (‘artli’s 
< rust. .V little considenitioJi will s(‘rve to show 

'that these secular movtMui'nts of (‘h‘\ytion iind 

• • 

depression involve the mov('m(*nt of sections of 
the earth’s crust enormously great than the mass 
of any known group of sodimeiitary do})osits. 

That this is ;i necessit^y for the rigioviition of 
the earth’s surfa(‘t‘ will also become iipjjarent. 

Lict us b('gin with the simplest csfsi' that ctin he 
assumed- -that of a contiiu'iit which nnnains a 
continent till it is ])laned <lown to sea-level by 
sub-ai'-rial agencies. The mechanical detritus worn 
from the land by sub-aerial agencii's will be laid 

down as a fringe to the shores of the continent ; the 

* * - 

soluble matt(‘rs will he more* widely spread. Jhit 
for the sake of simplicity let us assume these' 
sediments to fill up the adjoining seas to sea-ltwel. 
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Now, it is a necessary condition for the retention of 
land art'as that these fringing deposits should in 
their turn be elevated above the sea-level and made 
into dry land, and that the continental area slujuld 
sink below the waves to again^ receive sedinieiit. 
The minimum displacement of mass re(|uired to 
ell'ect this object would be, as regards upward 
movenieift, the elevation of an equivalent amount 
of sediment above the sea-lftvel ; that is, mass for 
mass. If the area and thickness of the sodimentarv 
d(‘posits wer(‘ the same as the area and thickness 
of* tin' mass denuded from the continent, the 
nu'chanical work involvc'd in elevating the sedi- 
TiK'ntarv deposits so that their base' should be at 
sea-ievel would be, if we leaA'i' out of ae(a)Ui*>t tht^ 
mt'chanical work involved in lifting the platform 

on wliich, the^' r('st, exactly equiv'^alent to the 

• * 

mechanical work pi'cviously done in the gravitation 
of the sediment from liie (•ontiin'ut to below sca- 
le' vc'I. 

Xalur(‘’s machinery for lifting these.' si'dinn'iits 
for the ma.nufactur(i of dry land, and tlu'ir replace- 
menl in continental inasses, is nrtt, however, of this 
ee on om i c a 1 ch a r;ix -.ter . 

M’o lift the sedinu'nts back again to their 
original position means also an upward movement 
of Iht' iiinfforiii o)i irhich Hiri/ stniuJ ^ and the energy 
consiinu'd in this work would be far in excess of 
that consumed in the lifting of the sediments 
alone. The amount of energy consumed is de- 
pendent upon the mode in which the raising of the 
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platform comes about ; but in any conceivable case 
the internal work in tlie. earth’s lithos])liere aud 
below it must be very great. 

Furthermore; the lifting of these sediments will 
involv(‘ the lifting of a much larger area of the 
earth’s surface than th6 sediimuits actually cov(‘r. 
Not only so, but tlie oi*igination and j)reservation of 
the geographical fcuitures of the earth it'ipiire, as 
proved by geology, freepumt fluctuations • of the 
lesel of the land, involving oscillatory movements 
of the earth’s crust of vast extent and considerable! 
vertical range. 

Nature does not in this cas(' appear to work 
with a piirsimony of tmergy, and tlu' internal forct's 
requwK'd for the maintenance of the e\t(>rnal h‘a- 
tur("s of our plaiu't are indt'od actives and great. 


(fKNKliAT.ISA'riOXS 

A careful consiih'ration of the l)('aring of tln' 
facts I have stat(;d sc'cnis io lead to the coiu lusion 
that the irregularities in the form of tin* sj)lieioid, 
which give us oifr diversilhat world of land and 
water, arise from differoiices in the^ spta ific graviti('s 
of s(‘ctions of the (‘arth’s crust and tlic umh'rlying 
matt(‘r. 

These specific graviti(‘s are not stabli*, hut ai'e 
subjea-t to slow changes (a)ns(a|uent upon oluniges 
of temperature. A ris(" of temp(‘raturt‘ and local 
iiuu’eas(j of volume^ *(M-eate protnbeiauces which 
may b(‘ of continental.extent. A fall of tempera' 
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ture and dticrease of volume leads to depressions 
which may culminate in those profound abysses of 
the ocean aptly named ‘ deeps.’ 

Thus it follows that these. d(5p’artur(;s from the 
regular spheroidal form are, not original and per- 
il! anent ; nor are 'they features that have been 
growing largtu* from the dawn of geological history, 
such }is would be likely to occur from a differential 
radial shrinkage of the earth. 

That these lluctuations of thermal conditions 
actually take place is evidenced on a small scale by 
the thermal fluctuations known to occur in volcanic 
<‘.missious, and by the varying composition, specific 
gravities, and temperatures of the lavas from time 
to time emitted from th(j vents. The motiv(i,force 
(‘xpijlling th(‘ volcanic, products is due largely to 
increiise of teniperatur(‘,find consecpient increase pf ' 
volume. For every relief *of such expansion of 
volume by emission, tliermo-dynamic laws show us 
tliat a reduction of temperature and shrinkage 
must tak(‘ pbua' in fhe supplying reservoir. HeiK'-e 
njsnlt the 'periods of (|uiescence which follow 
(uierg(‘tic volcaiiic- action, lasting until the molten 
matter of the reservoir bceonu's again raised to the 
necessjiry tem])erature to burst its bonds.' 

‘ In the discus.-. ions that haM* taken ))la(T'on vol(*anic action called 
foj-th by the 1 -ccc‘nt judivity of Mont I’c lci* it has lH‘c*n siit^^^csicd by 
several ^('olo^^lsts that the' cause of the »*rccnt outbrc'ak is the dcxclop- 
ment of an iiinncusc' c'arth fold in tin* Indian area. 1 cannot 

but express in\ dissent from this <licfuni. In the first pIao<‘, wlierc 
art? Mu' proofs that such an earth-fold e\i>>ty-»aml is undert^oiii^ furtlier 
devedopinent ? Tlic connection htdwccn t arth-folding and volcanisni 
as cause and effect is not sup]>orte(l b^y evidence. On tilt* 
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CoNCiiUPiNG Observations 

Fluctuations of the level of the land, but mon? 
especially of the sea^bed, affect the relative levels of 
lan^ and s(;a in an indirect manner. Thus, for 
instance, if one of the oceanic ‘ deeps ’ was to ])e 
obliterated by a volntne-eXpansion of the under- 
lying matter of the earth, it would causd a general 
rise of the sea-level • and a transgression* of the 
waters over the lower-lying lands. This rise and 
redistribution of the fluid envelope would be 
universal, and seems to give a clue to the curious 
fact I have often pointed out, that the beds of all 
great continental nvers- -as proved in many cases 
by berings, and in otluirs by the extension of tlimr 
valleys across the continental slndves — lie at a lower 
level now than they^have done in stwiK' fornuo' 
periods of their history. Tht\y aie, in fac.t, 
drowned valleys, or, if* not ac.tnally snbino'gt'd, th(i 
sea is excluded by the deposits tilling uj) the 
river-bed. 

If wc‘ admit that the lliictuatif)]is of the relative 
levels of land an*d sea an* du*e in flu' first instance 
to positive movements of tljj^solid laud — and of 
this L have no reasonable doubt- -it appears to 
me that such movements can only be explained in 
one of these two ways, vi/. {a) By actual trails- 

contrary, h is most rum.irbiblu 1 h)w illstinut tliu pliunonirna sccni to 
))C, for in ^rrat I'oIiUmI mountain ran-^es like tin* A))|)alfi(*liian.'s wu liml 
syinnuiti-y of curvalnn* ft) *1110 apprussetl buils, ijisU nd of llio mixed 
mass of folds and igneous rocks wu should expect ere the develoj)- 
meiit of folding tin* cause of V4)lcanic activity. 
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ference of material from one locality of the spheroid 
to another ; or (6) by increase or decrease taking 
place in the specific gravities ,of the rocks or 
materials of the earth iind^r (‘ortain loci of the 
spheroid, which loci change’ from time to time. 

hjxplaiiation {o') seems extremely improbable, 
t^specially if we attempt to apply it to regional 
movements on an extensive scale. In addition to 
there *beiiig no kiiovvji cause sutficieiit to produce 
such a displacement of matter, it is more than 
questionable whether the equilibrium of the 
spheroid could be maintained under such a vast 
rt'distributioii of weight. In mountain-building, a 
change in the loading of the crust takes place by 
lateral creep jind on a, much smaller scal( 4 , a^d the 
movouKUit is balanced l^y other internal forces. 

Explanation {h) has been discussed and 
pounded in previous pages. It app(‘ars to me to 
invoke the only cause cofu])etent to account for 
tht'se vast, thougl^ slow, movements, and whih^ 
])roviding khe neca'ssary’emngy, pri'scu’ves through- 
out geological history tln‘ equilibrium of the 
spheroid. 


Statement of the 


Thfauiy* of 


Geomoi{i*iih3 


ChTANGES 


I. The earth is an oblate (‘lli])soid of revolution, 
the solid materials of which it is (constituted being 
arranged in the following ordji'r : 

a. An outer crust, shell, or lithosphere, consist- 
ing of st'dinnuitary, ignecMis and metamorphic 

» 2 
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rocks, having an approximate depth of thirty 
miles. 

h. A semi-plastic underlying shell, or igneous 
magma, potentially 'containing minerals such as 
are associated with volcanic action at the present 
time, and are found constituting rocks intrusive 
and consolidated in the crust (V?). These rocks 
include granite, diorite, dolorite, basalt, and in- 
numerable allied species. The thickness of this 
shell is unknown. 

r. An immense interior spheroid, usually culled 
the ‘ nucleus,’ forming the main mass of the earth, 
the lithosphere being relatively a. surface film.® 

‘2. ^riio main spheroid consists of matter and 
miueVali^ varying in specific gravity, tln^ heaviest 
of which are supposed t(^ be nearest the c('ntre. 
AVhether this be so or .not, theae can be httU' doubt 
that the density of the matter, which increases with 
depth, is largely due t<) the (‘iiormons ])ressure to 
which it is subjected.- 

8. The temperature ()f* tin' earth in^'rt*as(‘s with 
depth, so far as all our lijnited observations enabh' 
us to judge. Cleneralising froih teinjxiratures 
taken in ini)ies, borjngs, and tunnels, tlie average is 
generally assumed to be about 1 degree Fahrtui- 
heit ptn* 50 feet. No observations liav'c ever, to 

* Tho turni ‘ iiuolous,’ I foar, is rr.spon.sililu fdi* inisc^onrc-pl ions 

of a fav-rouchiii^ njitun* fipon the* ivlalivo proportion of tho 

‘ iincluiis ’ fiiid its orivelopcj^ 

In this ronnertion see ‘A Theory to account for tlie Airless and 
Waterless Condition of tho Moon,’ by Fnd firensUul, M.A. {Pme, 
Liverpool Geo* Soc., Sobs. 1887 88). 
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my- kiiovvledf^o, disclosed a temperature gradient 
decreasing with depth. Portions of the crust are 
locally heated, and others locally cooled. If tem- 
perature gradit'iits could be made' representing the 
heating of the crust in several loci to a deptli of 
thirty miles, great variations would doubtless show 
themselves ; and, indeed, molten matter might be 
tapped at different levels. 

4. ‘There is good reasomto believe that this rise 
of temperature with depth does not go on in- 
delinitely, but at a depth of several hundred miles 
shades off into a in ore uniformly heated central 
mass, which may properly be called the nucleus, 
and which exists at a A ery high temperature. 

5. The earth as a whole is pronoungiwl by 
Ijord Kelvin and George I.)arwin to he at least as 
I'igid as yteel, and by jflr. »lohn ^lilnc! to be tw^ce* 

• i 

as rigid as steel. The fact thfit earthquake waves 
are pro^iagated more rapijlly from the Antipodes 
than from int(*rmediate places setuns unaccountable 
exc.-ept on the hyi)othcsis of the earth’s interior 
rigidity — th(‘ waves travelling along the diameter 
in one case, and ib th(' otlier ’along parts of the 
circumference >vht*re the rocks are less rigid and 
more or less discontinuous. 

(). If the ])rc*ceding conclusion (/>) be right, it 
follows that, the earth having an enormous int(‘rior 
temperature, its rigidity can only be the result of 
pressure due to tln^ gravitation of the materials 
towards tlu' centre. It also follows, if the main 
mass or interior spheroid of the earth is of a 
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uniform temperature, that its rif,Hdity must increase 
as the centre is approached. 

7. While chtuiiical action is modified, and in 
some cases annulled, hy high temperature, it is in- 
creased by pressure. •. From this it naturally 
follows that if the temperature of the interior mass 
is high enough to create complete dissociation were 
it transferred to the surface, the pressure which is 
sutheient to counteract expansion and keep a*!! the 
particles in solid apposition must profoundly affect 
the chemical interactions. 

8. The continents, together with some of the 
submerged masses of the earth proved by sound- 
ings to exist, are protuberances on the true spheroid, 
due t( 4 ^their inferior density and greattM- volume. 
The ‘ deefis ’ of the ocean are depressions below 
the true spheroid, due t(> tlie superior, d(‘nsity 

*and less volume of the* underlying masses of th(‘ 
earth. ^ 

9. The voliinu's and the specdfic gravities of 
the constituent minei*als are si1bje(‘t to increase 
and decrease, eonsecpient upon internal changes of 
temperature and chemical iiiteratjtions, as explained 
in detail in previous pages. Expansion increases 
the volume of the hiass affected, and leads to an 
elevation of the (jarth’s surface, while contraction 
decreases the volume and ends in depression. The 
loci of these opposite actions change with the 
se(|uence of the ages*. Iii this way continental 
movements involve but slight changes in the 
loading of the earth, othpr than those treatcal of in 
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10 and 1], the equilibrium of the spheroid being 
subject to no sharp disturbance. 

10. Increase of volume by expansion, which 
leads to these continental or epirogenic uplifts, 
must not be confused with the expansions and 
contractions to which rnohntain-building is due. 
These are mostly lateral cand intermittent, (treating 
creeps of ‘the lithosphere and surface rocks, ending 
in the folding and permanent ridging-up and cor- 
rugations of the earth’s surface. They cause a 
lateral transfer of material from one locus to 
another. Denudation and sedimentation also vary 
the loading of the earth’s (;rust ; but all these 
mechanical agents, though great, are small in com- 
parison with the energies whic*h uplift cont^uents 
with mountain ranges piled thereon. Th^se facts 
will becon^c more evident in the next chapter. 

11. A variation of the loading of the earth’s 
crust consequtmt upon thes^e movements, and one 
of universal effect, remains to be stated. It is 
this : no alteration *iii the model of the surface of 
the lithosphere where it is covered by ocean waters 
can take place* witht)ut the waters being more or 
less displaced. We have seen that a depression of 
the oc(‘an bottoni will draw tile waters from the 
land and increase the land areas, while a rise of 
the sea-bed will cause a transgression of the oceanic 
water over the land. A continental rise or altera- 
tion of the relative levels* of land and sea will have 
the same effect, as the emerging land will displace 
an equivahjnt amount of \\ater. A depression of 
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the land will be followed by a transgression of the 
waters over the sinking surface.* 

As, according to this theory, these elevations 
and depressions result from alterations of volume, 
unacconipanied, except to a minor extent, by lateral 
movement of mass or increase* of relative weight, 
a transfer of the ocean waters to a depression 
would increase the weight upon that i)ortibn of the 
earth’s crust and emphlisise the depression, vVhile a 
rise of the sea-bed would decr(‘ase the weight upon 
that area of the crust and iiua'oase the eltwation. 
To every movement of elevation and depression 
the mobile oceanic waters would res])ond, in- 
tensifying the dynamical ellects originating in the 
pent-ttp forces of an intensely heated globc‘.~ 

‘ fSaoss has cnlculiitcMl that sinking of the IMauk Sun and 

arcus — ■which he considers to be of quite recent* d:itt‘ — would, 
if no water pie\ious|\ ocenpuMi these areas, lower the seadcvi^l all 
the Avorld over to the extent of abtnit 4 metres. An iiuiependenl 
ealculation leads me to think ihat the volumes are ov<‘r-ostjmated. 
The Bhiek Sea contains about 77,602 cubic* geographical miles of water, 
which is equal to a lowering of the sea-h*vekh\ about *716 of a fatlioin, 
or 1*31 metre. 1^’obably with the*.'Kf;can area the lowerin;,^ ini'^ht 
reach 2 met res. 

• G. II. Darwin, in his most interestinjjj wca’k on the Tides, says, 
* When the barometer is very hi^h we are at least 3 inches nearer 
the earth’s centre than wiien it is veryjtiw ’ (p. 133). 



CHAPTEU II 

CONTINENTAL EVOLUTION AND ITS IIEI.ATION TO 
, MOUNTAIN Ii.UILDING 

S cintlineH hjj ^loiDitnin OhninH, 
Those who have studied the ‘ Oripn of 
Mountain Kan^es ’ will, perhaps, ask in what way 
these deep-seated automatic chaii^^cs in the volume 
of sections of the ^lobe will jiffc'ct th(' lateral 
expansions, to which I attribute the foldi»j? and 
buildiiif^ up of mountain chains. 

It is cwideiit that theso^ epiro/^enic movements* 
are to a large extent indepemieiit of sedimentation, 
for, as we have seen, great#moveni(*nts of consider- 
able veitical amplitude are found to have taken 
place, and are registered, on all continents and 
most islands, by raised beaches, and by the beds of 
ri\'ers C'ontinu^d far out into the ocean at depths 
that preclude the possibility’ ojf their having been 
excavated under present conditions. From these 
and other facts we inftu* that these trenchings of 
the continental slope are due to sub-aerial denuda- 
tion, and are what American geologists call 
‘ drowned valleys.’ 

It is also evident that not only are the portions 
of continents which lie at the lower levels, and con- 



4-2 


EVOLITTION OF EARTH STRUC:TITRE 


stitute the greater areas, subject to these periodical 
movements, but the mountain ranges built up by 
lateral expansion of the strata are affected by the 
same deep-seated Voluminal expansions or contrac- 
tions, and paHake of the vertical rise or fall of the 
continents on which they' stand.* 

It is to these two forces acting in unison that 
the continents owe their existence. 

liong-continued demidation of land areas pro- 
vides the material out of whi<-.h mountain chains are 
built up. These sediments, it has been shown, are 
deposited mainly on areas in the oceans of less 
extent than the land areas from whence they are 
derived, the heavier and coarser grained nearer to 
landjthi' finer further removed, while tlie matter held 
in solution is of almost world-wide distribution. 

• .Out of tlu'se abnormally thick dep^)sits, by 
expansion and folding in a manner fully explaint'd 
in the ‘ Origin of Moui\]tain Ranges,’ the massive 
sedimentary beds are condensed and forced up into 
mountain chains. • 

I’lu'se mountain chains sketch out fhe exten- 
sion of continental land, and althougii pulsations of 
the crust may occur without any .apparent direi*t 
connection with sednjientation as a whole, the two 
forces — the one deep-seated, tlic^ other more super- 
ficial — act in unison, and maintain continental pro- 
tuberainces as permanent features of the globe. 

The great land aretis are of less mtian specific 
gravity than the strata of the crust submerged by 
the deep seas. This is owing to the various causes 



<;eomorfiiic: changes 


4;^ 

which increase the relative volume of the conti- 
nental rooks and underlying sections of the nucleus 
of the globe, as sketched out in Chapter 1. 

It is also worthy of remark that* the aedimentary 
rocks are, as a rule, of less specific gravity than the 
ujneous rooks, from which tliey have originally been 
derived. This will to a certain extent, by a balan- 
cing of tlie earth’s masses, tend to create per- 
manent* protuberances above* the mean level of the 
spheroid. 

The mountain chains skc^tch out the borders 
of the continents for long periods, as is seen in 
the western chain of South and North America. 
Older mountain masses or chains may define the 
borders elsewhere, as do the Appalachians in ^k>rth 
America and the mountains of 13ra;iil iri South 
America; cp*, in Europe, fhe region of Scandinavif^i, 
generally n'cognised as a very old land mass. 

These mountain chains, both old and new, have 
their main axes a.t various angles to each other ; 
and it follows from this that when subsidence takes 
place the iioVmal angular outlines of the continents 
must, consequently, follow. 

This is the siijiple explanation of a geographic 
form that has seemingly proved a matter of mystery 
to many minds.’ 

(Joidhifiifa NOW at IjOW Tjcvf'ls.-~\t is a re- 
markable fact that, in every known instance where 

* Jiord Avebury, in his Scenery of V.figland and the Causes to 
which it 'is dne^ ji siiuilfir explfiiifitiou ot tlie tendency of so 

many masses of land tt) point southwards (p. 501, 1st edition). 
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proof is possible, the continents are at lower levels 
now with respect to th(‘ sea than they were on 
some former occasions during their lengthened 
history. That is to say, none of the continents 
are now at their maxinuiin height above the sea- 
level. I have pointed this out* elsewhere.^ 

To what is this striking phenomenon attri- 
butable ? 

Is it that the geog/apliic forms of the spheroid 
are in less rt*]ief now than formerly -that the 
continental plateaux have subsided, or that the sea 
and ocean beds have risen ? It is dillicult to 
believe that the continental movements can have 
been coincident, and universally in one direction all 
ovei’^ie globe. It may be that in the v(*rtical slow 
oscillations to which, as we }iav(‘ seen, tlie whole 
cwust is subject, one hnid area has moved vertically 
upwards whiU* other areas subsided, and it happens 
that none of the coiitiuents are now at their maxi- 
mum elevation, 'fhe remarkable fact that the 
borders of alltlu? continents, where suHicient sound- 
ings have bt'eii taken, show undoubted indications 
of having been fonned by sub-aeriaI*denudation, is a 
proof that at least j)ortions of the .land constituting 
the present continents have been in times past at 
a much greater elevation above the soa-hivel than 
they are now. 

(:reo(j rapine lirllef of the (hlohe due to two 
Causes . — It would appear, then, from all the fore- 


* ‘Rivers,’ Transartifmfi of the Ijivrri^ool Grological Aasociation 
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goin^,^ considerations that the geographic relief of 
the globe in its larger features is due to two 
causes ; - 

to dillerential alterations of volume in 
large se(;tions of the globe, .which take place with 
extreme slowness jlnd, being deep-seated, upheave 
or depress portions of the earth’s surface-crust 
without Vvrinkling it. 

Hedondhj, to the tangentisil creep and ridging up 
arising from the heating of sediments and variations 
of temperature, and ctnisequent expansion, within 
the earth’s crust brought about by sedimentary 
deposition, as fully explained in the ‘ Origin of 
Mountain lianges ’ and in Chapter TX. of this w'ork. 

In the first case tlnu'e is change of y**lumo 
without local transfer of material ; in the second 
there is victual niov(*nfent of material laterally,* 
and a building nj) of j)t‘rmanent ridges or wrinkles, 
which constitute the mt)st striking geographic 
hirms to be seen on the earth. 

Finally, it musl not be lost sight of that the 
first of these iiioveirnMits athjcts vast masses of 
matter, and I think'that anyone who will carefully 
weigh the question will admit that, a priori, it 
is mechanically improbable that this matter can 
have b(‘en moved from one foettfi to another, especi- 
ally when it is so dillicult to conceive an adequate 
explanation of such an hypothesis. 

l*ervic( nciicc (.hie fo V^asfuess of the jMafines 
(ifccted . — It is to^ the vastness of the masses 
affected that we owe the comparative permanence 
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of the ^^eographic forms. Tlie agencies of changt-, 
which h avo been fully discussed in Chapter I., 
cannot but act slowly ; accumulating stresses may 
take place, and it is. conceivable that catastrophes 
might occur; but. there is really no evidenci' of 
them in the earth’s geologic History, except on a 
minor scale. 

I have shown that sodimeutation ahdlnountain 
building are in the nature of cause and effect. 
\\'hatever lie the liuctuations in the rate of denu- 
dation and deposition, such fluctuations are limited 
by meteorological conditions ; and even if the largest 
coefficient of denudation be granted, the time taken 
up in providing materials for the evolution of a 
mouwtain cliain must be enormous. 

Therefore it appears that, the evolution of a 
* Cfuitineiit being dc'pendc’lit iqion two. factors 
firstly, tlu! alteration in volume of enormous 
sections of the earth’s mass, and, secondly, llu? 
deposition of sediment and its lateral folding into 
bord(.‘ring mountain chains the rate of continent- 
making must iK'cessarily be extrciinely slow. To 
this is attribu table tlui comparatiV(} permammce 
of land conditions, which has led *some naturalists 
to infer that coiitimuits hava*, speaking generally, 
been in the same relative position throughout all 
geologic time. 



CHAPTER III 

CONTINKN-TAL GKOWTH AND GKOLOGICAL PERIODS' 


I N tlto early days of ^,^eoldgy a period indicated a 
certain section of the earth’s history distinctly 
marked of£ from that which preceded and that 
which followed. Plach period had a fauna and 
flora jieculiar to itself, by which it could be 
recognised through the fossil remains found 
embedded in its rocks. There is no* 'doubt 
that the Mosaic account of the Creation gave 
traditional support to the notion of distinct brej^-ks*, 
in the geological chain. Each period represented, 
not unnaturally, to early tliinkers a separate crea- 
tion, followed by complete destruction. What first 
attracti'd attention w^rc the salient differences 
b(itweeu the fossil contents of strata g('ologically 
far apart, such* as the reptiles of the Jjias and the 
fislu's of the Chalk. Ingenious men found then, as 
]\lr. Gladstone did later, a parallelism in the order 
of creation between tlui Mosaic, account and th(‘ 
record of the rocks. 

When, however, the record was further searched, 
interesting links were discovered, which, if they did 

' Thirt chapter is the vcproiluclion of an article tluit I contributed 
to Nttinml Sciciwc in 1894. • 
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not actually bridfj^e over the differences, led men 
to think that, could all be restored, the (^arth s 
history would be found to be one tjontinuous record, 
unbroken by catilcly^inic collapses and successive 
repairs. Curiously enpugh, the cataclysnuil ideas 
held their ground in fabe of “the uniforniitarian 
thef)ry of the earth given to the world by Hutton 
at the close of the last century. Jjyell, following 
on the sanie lines as* Hutton, with a weyJth of 
illustration and rare literary skill, showed that a 
true interpretation of Nature in the past was to be 
sought in the action of present causes. The 
science of geology was thus put on a stable base, 
and men were taught to arrive at their opinions by 
reasoiijng upon facts, instead of mei’ely giving free 
s<!opei to *thcir imaginations. The doctrine of uni- 
formity may not be theoretically correct ; indeed, 
uniformitarianism is a* misnomcjr, even as applied 
to Lyell’s conception of the liistory of the earth, 
which might, with (piite as much Justice, be called 
development. The popular conception, however, 
of uniformity was that things are noVv as they 
have been in the ‘past and as* they, will be. in the 
future. From this it resulted that ‘periods ’ came 
to be looked upon*only as arbitrary divisions of 
geological history, which enabled one to grasp the 
sequence of geological events. Indeed, it is but 
fair to say that there is not in the whole of liyell’s 
‘ Principles,’ for which nb one has a profounder 
regard than myself^ ‘any indication of how the 
distinctive geological qnd physical features of the 
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several periods came about, or, indeed, why they 
should exist at all. As a student of Lyell from my 
earliest dabblings in geology, this was long a 
mystery to irie. In putting forward the following 
suggestions as to how the periods were evolved, T 
do so with all humility, looking upon them as a 
development of the great master’s work. 

f)(ulinj,e 7 itation and Tjand-maliing . — It is a well- 
known axiom in geology tjiat the land is being 
lowered at an average rate of about 1 foot in 4,(300 
years by meteoric action, by rain and rivers, or all 
those chemical and mechanical forces that come 
under the general term sub-aerial denudation. To 
this is to be added the mechanical abrasion of 
coasts, ^i’he matter carried into the ocean in 
solution in river waters is, I have showi^, on the 
average of many years^ about one-third that in , 
suspension. This seems at first blush a large * 
proportion, but when we consider that the matter 
in solution is a mucli more 'constant quantity than 
the matter in suspension, our surprise is modified. 

The sedimentary matter — which is chiefly silica, 
either in the form o^ grains of sand or in a much 
finer state of comininution, as Hour of rock mixed 
with the dec;omposition products of various rocks, 
notably felspathic, forming what when deposited 
wo call clay — is laid down in a more rt'stricted 
area than the matter in solution. Mixed with 
these ])roducts of denudation are calcareous 
])articles, mica, and other minerals, which all go 
to make up one or other of the various sedi- 

E 
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lueiitiiry strjita. I'hcse luv, iis a whole, often 
looked upon as tlio effects of mechanical erosion, 
but, so far as this is an oxprt^ssion of dynamic 
action, they nxe only partially so. Chemical 
forces have, in uiy opinion, much more to do with 
loosening’ the bonds of tlie rocky particles than has 
mere pounding of the boulders along shores jind 
river-beds ; they also effect tlie separatipn of the 
rock-masses. To be jmpressed with this Jact one 
has onlj' to look at some of the enormous masses 
of rock in mountain districts in Wales, moved to 
their present j)ositions during the last phase of the 
Ice Age. Although they have been exposed to 
nothing more than meteorological influences since, 
they are frecpiently split up into many separate 
blocks, •and are much weatliered. Ijik(‘\vise, in 
, granite districts enorinousi masses of granitic sand 
‘ are, as we may say, liberated by the decomposition 
of granite. To these sediments must be added 
boulders and p(‘bbles t\ hicli go to form conglomt!- 
rates. lloulders are, hoyvevw, seddom deli venal 
into the ocean by large rivers, 'khc'y nunain in 
the higlujr reaclms or mountain tributaries, so tliat 
the boulder-beds found in the sea are either the 
pi'oducts of coast erosion, the dynamic undermining 
of cliffs by wavt> action assist(‘d by mett.'orological 
inlluences, or are formed by mountain torrents 
with swift gradients, or are carried by glacial 
agency or by floating ice.* 

I’lieso mechanical products of denudation are 
sifted out and arranged by the ocean waves, tides, 
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and ourrenttt, in the order of their sizes and specific 
gravities, so that the boulder-beds are mostly 
beach deposits, while the iiebbles, gravel, grains of 
sand, and fiiielj" triturated jjiat<!^rial are carried 
out farther and farther from the coast and into 
detsper water in inverse proportion to the size of 
the particles. 

ft is . well known that the thickest deposits 
accumnlate iiejirest the laud masses. I do not, 
indeed, think tliat any fixed line or margin can be 
drawn, within which limit deposits may bo con- 
sidered terrigenous and outside oceanic, but it is 
a general principle to be kept in mind. When 
coast waters arc shallow, and what is called the 
continental sub-juiueous platc'au extends by. otit 
from land, then these nietdianical sediments will 
under ordiiuiry circumstances extend tlu' farthest.^ 
But in the extremely interesting ‘ Reports on the 
Dredging Operations off the West Coast of C/Ontral 
America to the Oalapagos, to the West Coast 
of ^Mexico and the'Oulf of (!alifornia,’“ by the 
U.S. Fish '('ommissiou st(‘amer Afhdtrosa^ Alex. 
Agassiz saj's : •! was struck whih> trawling on 
our second line between the Oalapagos and 
Acapulco to observe the grtait drstance from shore 
to which triui terrigenous deposits were carried. 
Fhere was not a station thert' occupied of which 

the bottom could Ix' characterised as strictly 

• * 

^ Sec of Sodiiuoiiturv Oeposition,' l>v 15jiiloy AVillis, 

•lournaJ of \ol. i. No. o, ]). 

' IJnUcfin <f ihr MuNtnnn of (\}iNi»arai ivc Zoohxjy at Harvard 
Colli'fjc^ vol. Aviii. • 
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oceanic A very fine nnid was the charac- 

teristic bottom we brou^dit up, often very sticky, 
and enough of it usually remained on the trawl, 
even when coming up from depths of over 2,(KX) 
fathoms, materially tn interfenj with the assorting 
of the specimens contained in* our trawls.’ Logs, 
branches of trees, twigs, and decayed vegetable 
matter usually came up with the mud. • The dis- 
taiKte of the Oalapagos Islands from the^nearest 
land in South America is between 500 and (300 
geographical miles, ^\hile the line between Acapulco 
and the (ialapagos is about 1,100 miles. 

’Fhe ‘2,000-fathom line oftmi comes within 100 
miles of the coast. Doubtless opposite to the 
nioutiis of great rivers, such as the Amazons and 
the Congo, terrigenous deposits will ha\'e a wide 
extension over the ocean door. The, Indus and 
Ganges spread their * deposits over 700,000 and 
900,000 square miles respectivel 3 \' 

There is, however, no doubt that the matters ill 
solution have a much wider oxlension, only limited, 
in fact, by the area of the ocean itself. These 
matters are removed from the water mostly by 
organic agenci(*s, and consist, in^ the largest pro- 
portion, of carbonates and sulphates of lime. 
Whether any direct precipitation of the matters in 
solution takes place iji the ocean bottom is a 
subject of surmise, but there are grounds for 
believing that they may be chemitrally de])osited as 
well as organically*.separated. 

^ * Conditions of Sediinoiitury Deposition,’ p. 5(X). 
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Orogrcvphic lielation hetiveen Mountain Rangen 
and New Land A rena . — Leaving for future considera- 
tion the regional variations of level which occur 
in the earth’s crust like slow pulsations, and which 
do not appear to be directly connected with sedi- 
mentation, wc wiU brielly examine the evidence 
pointing to the relation between mountain ranges 
and new land areas. It is a pretty well established 
fact, due to the labours of ‘Hall, Le Conte, Dana, 
and numerous other investigators, that mountain 
ranges are built up out of great tliickiiesses ot 
sediment. Upon this phenomenon is based my 
theory of tlie origin of mountain ranges by 
sedimentary loading and cumulative recurrent 
expansion.' Tlie evidence that mountain raliges 
are composed of great thicknesses of sedimentary 
rocks, oftoti with v(*ry little ^unconformity between 
the rock-groups of which they fire built up, is 
clear to any one who takes ^he trouble to carefully 
examine the sections, maps, and descriptions of any 
of the known mountain '’art'as in any part of the 

m 

globe. It is true of the Rocky Mountains, the 
Andes, the HiiAalayas, the Alps, the ranges of the 
Caucasus, the mountains of the Turco-Persian 
frontier ; as also of the older chains, such as 
the Appalachians and Urals, which have been 
greatly denudc'd. It will, no doubt, turn out to be 
equally true of the Thian Shan and the great 

* Origin of Mon n fain liangm, Liondon, ISStt. Also see ‘Outline 
of Mr. Mellaril llesule’s Thcorii of the Origin of Mountain Ranges,' 
Phil. Mag., 1S91, pp. 485- 90. 
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ranges of Central Asia bordering Chinese territory ; 
but these havT/ been, so far, very little studied. 

An examination of the excellent geological map 
of the world which the labour of Jules Marcou has 
given us, and which re.cords all information up 
to the date of its publication, will show that the 
rocks comprising the newer mountain (ihains, whitdi 
are generally considered to have been uplieaved in 
Tertiary times, have a wide extension beyond the 
limits of the main mountain masses. Itoughly 
speaking, the Cretaceous and Tertiary may bo said 
to occupy the half of Europe and fi large area of 
Northern Africa, together, doubtless, with the bed 
of, the Mediterranean Sea. It is just wJiere these 
rock-^'Oiips are most developed and underlain by 
more or less conformable Mesozoic groups of groat 
fliickncss that the mountain masses oc'eur. Tliis 
is true even of the Apnan Alps, as shown in 
Stefani’s excellent sections.* These rock-groups 
appear to extend from the Caspian to the Hima- 
layas, but further eastward we get largely into the 
unknown. 

In North America., though wo* have not su<‘h 
full information {^s of J^lurope, * the (h’otaceous 
appears to occupy, or did occupy (having been 
denuded from large areas), about half of the conti- 
nent ; and the same may bo said of South America, 
though in both continents largti are.as remain to be 
geologically mappoj.. It must be understood that 

' Virgin’ ifrllr Alyi Aininna, roiitribu::ionr ugli vtiidi siill' orV 
ginr tlrlle Mon lag nr, Firenze, 1S81». 
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I am merely speaking in the rough, to convey 
the idea I wish to impress upon those who read 
this, and subject to future correction. 

Though there are freshwater and fiuviatile 
deposits among these rock;groups, especially in the 
Tertiary, the greater bulk are of marine or estuarine 
origin. There are also great tabular masses of 
igneous rocks,' especially in North America, and 
volcanic action has over * all the areas named 
played a prominent part from the Tertiary until 
recent times. 

Tn addition to this great development of Creta- 
ceous and Tertiary rocks on the land areas, there 
is, no doubt, a great deal — we cannot say how 
much — below the sea. The West Indian inlands 
give evidences in their fauna of a former land 
connection with South America ; “ and it may b^ 
that the wliolc area of the Gulf of Mexico and the 
Caribbean Sea is occupied# by the same deposits, 
overlain by great ^ thicknesses of post-Tertiary 
accumulations, '^riiere is little doubt that much 
of the sea-b(;d of the Behring Sea and the Aleutian 
Islands, togetlier with a strip of the sea-bed (none 
can say how wide) along thg western coast of 
North America, was land in Pleistocene times, 

• Sec ‘Rei)ort on the (icology of the High I’leteiuis of Utah,’ 1880, 
U.S. Geographical and Geological Survey of the Koclcy Mountain 
llegion, by (’aptain C. E. Dnttoii ; also ‘A Geological llcconnaissance 
in Southern Oregon,’ by Israel llnssell. Funfth Annual lirport of the. 
U.S. Gt'ol. Survey. , , 

- See Letter No. 8 by Alex. Agassiz to C. T. I’atterson, ‘ On the 
l>rc«lging Operations of the U.S. Steamer Bhilce from 3878 to 1870.’ 
Jiwll. Museum of (.'oin/ia ratt oc Hoologi/t Marvunl (college, p. 299. 
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ilS -proved by the discovery of inainrnoth remains 
oil Pribilof Islands and the N.W. coast of America, > 
as also on Santa, Rosa, one of the largest of the 
coast islands of ’California; - and it is not im- 
probable that Cretaceous and Tertiary rocks may 
occupy much of this area also. 

Without traversing the whole of the known 
globe and making incursions into the China seas, 
Malayan Archipelago, New Guinea, New Caledonia, 
Australia, and New Zealand, it may be well to 
mention that Tertiary rotrks are found far to the 
north on the land bordering the Arctic seas. 

It is in these Tertiary areas that the greatest 
nn^untain chains of the world an* situated ; and it 
is fin^tleiiconceded by most geologists that they are 
the highest, because they are the newest, and have 
ift)t been exposed to such long-continued denuda- 
tion as, for instance, the Appalachians and llrals.'^ 

KstabU-slunent of \(‘W Ijond roimcctfd 

loith Mountain Upheaval . — It is evident from the 
foregoing considerations that the establisliment of 
new land areas, whether as continental additions 


‘ l)r. (it'orf'o Dawson, Q. ./. G. S., \ol. 1. IS94. 

* ‘ The Flora of the ^•oast JslaiKl-s of California in relation to 
Kcccnt 0ban*{e3 of 1‘h.vsical Oeology,’ J. I.c: Camte. liulhtin viii., 
(htlifomin Academy nf SeienreH, Extraor<linnrv Hnetua- 

tions of level aro also recorded in the successive sea cliffs up to l,iiOO 
feet abo\e sea-level in the island of San ('Icnicnte, off' the- coast of 
Southern California, in Flcistocene times. See ‘ Fost-l’liocono Diastro- 
phism of tlie Coast of Sonthefn California,’ by A. C. Lawson, liiillctia 
of the Dejnirtment of Geot^y, Vnivernity of California , 189 S. 

® ‘Contributions to the Study of Volcanm'S,’ Judd, Genl. May., 
IST.'i, pp. 14,1 -.'52. ‘The Geolopfical History of some of the ^louiitain 
Chains and Groups of Europe,’ *iJamsay, Mining Journ., 1875. 
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or otherwise, is closely connected with mouiitain 
upheaval : the two go together. As I have shown, 
mountain ranges are never formed on the sites of 
old denuded land areas; they liever arise in the 
middle of a continent, but are always preceded by 
great sedimentation. An old continent may sub- 
side in the middle or at the margin, and the 
jiiland seas or other submerged areas receiving the 
sediment may in process 'of time be upheaved 
vertically and folded horizontally by lateral pres- 
sure, and so become eventually an integral portion 
of the old land. In my ‘Origin of ]VEountain 
Ranges ’ I have sought to show that this move- 
ment is due to expansion, the initial cause being 
the heating of the sediments and underciiuSt *by 
the rise of the isogeotherms or surfaces of equal 
temperature brought about by the accumulation 
sediment. It is unnecessary to explain this prin- 
ciple her(*, as it can be studied in the original work ; 
but I am pleased to point out that Mr. W. J. 
^Icf lee adoi^ts this thet)ry in his ‘ Memoir on the 
Pleistocene History of Xorth-biJist Iowa,’ * with the 
suggestive addition, that since the sediments rest 
on inclined surhuies, and are thojnselves inclined, the 
movement of expansion must have taktui the line 
of least resistance, and the expanding strata must 
have moved seawards.**^ Sedimentation, land- 

* Kleoenth Atmttnl Report of*U.S, (^rot* Survetp 1889 90, pp. 351. 

“ Mr. Mc(ioe says : ‘ Tlio tsetlinieijts of tbo successive mantles 
wrapped about the young coiitiiieiii were dropped from the cold waters 
by det‘p ocean, and wc;re long cliilied by contact with the waters ; yet 
hy the end of the Silurian they wore so deeply buried as to no longer 



58 


EVOLUTION OF EARTH STRUCTURE 

niiikiug, and luouiitaiii-buildiiig, wti have e\ej*y 
reason to believe, are directly related in the chain 
of cause and effect. 

Stability of CnhilitiotiH indicated by the Acc a mu- 
lation of iireat Thicknesaes of Sediment over certain 
Areas . — The accumulation of great thicknesses of 
sediments extending over millions of square miles, 
such as took place in Cretaceous and Tertiary 
times over what is now the western half *of the 
North American continent, points to an extra- 
ordinary constancy of conditions over a vast 
period of time, (xreater than this, peihaps, is the 
record of the earth’s history within the A})palachian 
chain at an earlier period, ending with the close 
of tRe« however, for tho 

present ctonfine ourselves to tho lirst-nani(;d area, 

which are situated Jihe llockies, the ‘Cascades 
and Coast ranges, extending, with their analogues, 
through sixty degrees, of latitude from Central 

feel the chill waters, and to he heated by c(TndiK*lioii from tlic earth's 
inU'iior ; and so the isogeotherms, or jdanes of eijiial^ temperatiu-e, 
rose from the fornier ocean floor into and through the lower sediments, 
and their temperature was greatly increased. \s they were luxated 
they expanded; a part of this expansion was \ertical, and so peri- 
pheral portions of the continent were elevated, by the building up 
of successive sheets of sedfiueiit, but by their own expansion ; ,yet a 
<‘(jnsidcrab]e part of the expansion must haxe bcicn horizontal, ami 
must liave resulted in either mass or particle movement, or both com- 
bined ; and since the sh(*ets of sediment rested on inclim^d surfaces, 
and wen* themselves inclined, the movement of expansion must liave 
taken the line of least resistance, anil the expanding strata must liave 
crept seaward, while the strafa at Hf>me distance from the shore line 
must have been compressed ljj>rj /.on tally, perhaps buckled and crumpled, 
and thrown into anticlin.'il and synclinal folds concentric with the 
shore, i>r elsewhere crushed and broken into fragments along tlie 
planes of least strcngtl).* 
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America to Alaska. It is almost iiripossible, 
through our present lack of information — though 
the geology of the North American continent has 
progressed with raju’d strides - to sketch out the 
disposition of land and sea -which endured through 
the Cretaceous and Tertiary. 

It is highly probable, however, that the old 
Ijaurentian areas of C’anada and the eastward areas 
of the* United States, with other land stretching 
into the Atlantic, provided at least part of the 
sediment. It is pointed out that the deposition of 
sediment, leaving out of account matters in 
solution, takes j)lace over a snialler area than that 
of the land from which it is derived. This would 
seem to indicate that though general cun^difeiflns of 
stability of land areas obtained, llnctuations of 
distribution occurred throughout the history of, 
those periods in North America. I^and to the 
westward, an extension o/ the Asiatic continent 
eastwards, may very likely have sent important 
contributions tenvards 'the making of the future 
land. But, as 1 hav(‘ said, these are sp<?culations 
which, if we Ifad all the complicated facts before us 
instead of buried beneath the sea, might not 
yield satisfactorily to imaginative reconstruction, 
much less to minds in the position that ours are 
now. 

Th(‘re is little doubt that many fluctuations of 

• • 

level occurred, and that sediments ^^•ere raised 
above the level of the sea and again redistributed. 
Still, on the whole, the loct tvere the same, and so 
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ill time the sea-bed got built up, until the internal 
forces of the earth, reacting upon this varied 
sedimentary load, began their rvh' of mountain 
and land building, and the establishment of the 
western area of the J^orth American continent. 

In like manner wo might tnice the growth of 
the hiUropeaii continent as it now exists, together 
with that of a large part of Asia, where’ the record 
of the rocks tells the tale of long-continued periods 
of sedimentation, culminating in the upheaval of 
the Alps, the niountaius of the (’aucasus, the ranges 
of Turco-Persia, and the Himalayas. 

The story might be extendc?d to South America 
and Australasia, but for tin* piirpost^ of illustration 
the* t^iyiijiles given are sutlicieiit. 

The lat<‘r rocks of tin* series moi'e or less repre- 
^ant land conditions, as tht‘V consist of lacustrine 
and fluviatile deposits, sliowing that the establish- 
ment of these land areas datt's from a very early 
time. 

The history of these (hetaccoiis and Tertiary 
areas is one of both maturity and decay. They 
are in some portion of tin? lat*t(‘r stage now, and 
eventually will probably give place to new land 
areas formed out of roc-ks now being constructed 
in the sea-beds from thi'ir own dissolution. 

rj'ifholtMj'u: (']ia7‘act(‘ristics niuZ Diff.- venccii of 
the ltock~<jt'onps of tiome (f the iirecit l^rriodfi . — 
It is a remarkabl(‘ fact^ but no less true, that there 
are not only paheontological homologies running 
through the rocks of the Tertiary group over the 
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known world, but lithological analogieK also. 
Though conditions are. recurrent through the ages, 
as pointed out so strongly by the late Sir Andrew 
Bainsay, it is recurrence witli a difference. There 
has been lithological evolution, as well as organic. 

When we go further back in the world’s history, 
and consider the rocks constituting the Carbonife- 
rous formation, the persistence of characteristics 
over large areas of the eurth’s surface is most 
striking. The repetition of coals, sandstones, and 
shales in the Carbon ift'rous of the North-Ainerican 
continent and in that of Great Britain seems 
almost to point to a connnou origin. They repose 
upon great limestone formations, indicating deep- 
sea conditions. The coal formations yi^bbth 
countries indi(*ate, according to all reliable 

observers, a gradual sinking of the earth’s criigt' 

• ^ 

and simultaneous building up of the land by 
sedinients of sand and mud, so that successive 
terrestrial growths and land surfaces are marked 
by each bed of coal ; excepting, indeed, in those 
cases tha't may arise from floating vegetation 
gradually getting •waterlogged * and sinking upon 
an estuarine tJoor. These long-prevailing con- 
ditions are represtuited by tliousands of feet of 
rocks. It is evidcJit from the lithological 
resemblances, the occurrence of minerals in the 
same form and from sin}ilar orders of succession, 
that tlie physiographic conditions producing them 
w’ere of world-wide extent and vast continuance. 
The character of the flora was the same in the 
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arctic as in the temperate regions, and doubtless 
the iiuiintenance of similar geographic conditions 
was one element in this result. 

If, again, wd* compare the Trias of Great 
Britain with that of the United States, we hud 
that the same characteristics occur in both. They 
are not at all like the Carlmnifcrous, wdiich they 
succeed through the Permian phase ;.a*nd though 
the broad Atlantic now divides them, tljey in- 
dicate like physiogra])hic{il conditions — strange 
to say, they are even of the same colour, 
deep red and grey, and the charactt^ristic fossils 
are footprints of reptiles. lied sandstone, red 
and grey marls, and hods of salt pri*dojninatt‘. 

is a characteristic, mineral. There is 
strong e\^dence of inland salt lakes, lagoons, and 
4-idal shores. • ^ 

It is often said, and with great force, that it is 
impossible to determine the age of a rock or the 
formation to which it* belongs by its lithology. 
That is true, looking at the rocks separately and 
individually, for the saim' individual Conditions 
occur in all the agds. Notwithstanding tliis, broad 
lithologic'al resemblances or grou])ings <‘xist. Th(*i\‘ 
are coal beds in tfie Western States of North 
America, but no oii<‘ would mistake th<‘ Laramit‘ 


or Tertiary rocks of thos(‘ rc^gions for (Carboniferous, 
Nor could he mistake the Oolite rocks in Scotland, 
in which coal is found, for* the CJoal measures, still 
less the Lias, thougli ironstone occurs in it, and is 
worked to a large e.xteut in the (Meveland district 
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of Yorkshire. There may be land and sea con- 
ditions and deep-sea conditions represented in the 
rocks of any age, but, iiidepeiidentlj’^ of the fossils, 
there are characteristic rock-grojtips which distin- 
guish the one period from the other. 

• ■ 

Kveu so superficial a stratum as the Drift has 
common characteristics over Britain, Europe, Asia, 
and North -America — a fa<it which does not morel}’ 
point towards analogous (;limatic influences, but 
towards similar pliysiographic conditions on a 
large scale. Indeed, some geologists think the 
Ghnnal period resulted from the physiographic 
conditions which then obtained. Then, again, 
to come towards historic time, the post-Cxlacial 
deposits that fring(‘ our coasts, the estiiarim^ 
and forest-beds, have a striking rosembkdice over 
very large art*as, and ^‘ven continents. Indeed,^ 
so important seemed these Vliaracteristic similari- 
ties and ditferences to our predecessors in the 
scicnict* of g(.‘ology, that tliey constructed, wiped 
out, and reconstriTcted, the earth’s surface and 
crust again and again by the aid of cataclysmic 
convulsions. .I’he iiiHuence of Eyell was all 
towards showing the fallacy of these inferences ; 
but later the' pendulum swnng*too Jiiuch the other 
way, and we were l(;d to dwell inordinati*ly on con- 


tinuity and recurrence. 

Tin* nniformitarian theory was of grea-t value 
ill bringing men’s minds 'dowji from the region of 
pure imagination to that of fiPct. It was a good 
working hypothesis, but, likp most geiniralisatioiis, 
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was a little one-sided. It represented too ex- 
clusively one side of the phenomena of the earth’s 
history, to the neglect of another — that of develop- 
ment. I am not one of those who think the 
doctrine of uniformity a * fetish,’ but rather a 
theorj' that kept us within the range of practical 
fact. For my part, I am prepared to accept any- 
thing that can be proved^ but until tlie. proof is 

forthcoming we are ou safe ground if we confine 

€ 

ourselves to agencies of which we have experience. 


PEliSISTKNCY OF DllATNAGE LiNES 


The ideas and considerations dealt with in the 
preceding part of this chapter bring us naturally 
to what is taking place in our own time. Since 
^the Tertiary upheavals ne\v lines of drainage and 
channels of erosion have been established, by 
whi<;h the waste of the land has been and is 
conveyed to the lowest devels, which arc generally, 
but not always, in the ocean.. That is to say, in 
some cases the drainagt* lintjs terminate in inland 
seas or hydrographic basins, in which the evapo- 
ration exceeds the rainfall. Such are the Aralo- 
Caspian basin, the Central Asian basin iji which 
are situated Lakes Balkash and Alakul — and the 
Great Salt Lake and other arefis in North America. 
Mediterranean seas, connected by an outfiow or 
inflow, or both, lil^ the Black Sea and the 


Wm Ooruiitions of the Aralo-Oaspiun Region/ 

Wm. Hewitt, Ire8.Aadres8, Liverpool (leol. Soo„ Proreedhufa, 1892 8. 
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Mediterranean, and bays snch as the Gulf of 
Mexico, the Gulf of Californa, Hudson’s Bay, &c., 
also receive their ({uota of sediment. 

Though the general levels of the continental 
lands have fluctuated, the ihaki drainage lines — 
established and deeply cut into the strata they 
traverse — seem to be Very persistent, so that the 
waste of' a -large part of the North American 
continent has travelled do^^n the Mississippi to 
the sea since Tertiary times. Similarly, that of 
the South American (tontinent has followed the 
lilies of the Amazons, La IMata, and Orinoco ; 
wdiile that of the western area of both continents, 
cut off by the divide of the Andes and Kockies, 
extending from south hit. off to north lat.^Tiy^fhas 
perforce been cast into the Pacific Ocean or the 
embayiiieuts connected with-it, 

In the continent of Africa the Congo delivers 
its load into the broad Atlantic, nearly opposite to 
the Amazons, with a flood almost equal, if not 
superior, to it. The saliie persistence is seen in 
the riv'crs of Kuropt; and Asiatic Itussia and the 
northern portiofi of North America delivering into 
the Arctic Ocean, and in the gixuit rivers of (Jhiiia 
flowing eastward into the shallower eastern seas. 
These lines of drainage, as 1 have sought to show 
in the ‘Origin of ^Mountain Ranges,’ have become 
fixed ill their positions through the ujiheavals of 
mountain ranges ; and the nio'difications they have 
undergont) in their courses have been mainly con- 
fined to the hydrographic basins in which they 
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exist, the most lluctiiatiiij< portion of the rivers 
being on their own deltas. In cases where the 
levels of the watershed may not have been very 
marked, alterations -of the drainage basins them- 
selves have arisen • tlirongh differential subsidence 
or elevation. Changes such as have been noted in 
theOxns and Jaxartes, in Central Asia, have hardly 
involved a rearrangement of drainage basins con- 
sidered on the largfi scale. The Uanges and 
Brahmapootra have rolled their floods into the 
Bay of Bengal since the final upheaval of the 
Himalayas. But it is uunecessaiy to niultiply 
these instances.^ 

A Future Perioef . — It is now time to ask our- 
selws*v;hat is the meaning of this constancy and 
the persistence of these important ])hysical h'atures. 
•^I’hough differential s^ubsideiice {ind elevation on 
the large scale are marked on the one liand by 
raised beaches on the land, and on the other 
by deep-cut river beds below the level of the 
sea, as in the Congo jtnd tht^ great rivers on 
the North American continent, what may be 
called the rugosities of surface •represented by 
mountains never disappear excepting by denudation. 
Burther rugosities get developed by faulting and 
mountain el(‘vation in the (oeua of mountain 
ranges, by a persistence of the movements which 
have initiated them ; but the great levellers, the 

' Kaiusay's ‘llisei- of Enghind anil Wales,’ Q. J. S., 

1872, anil • On the Pliysiciil Hiatovv of the Uhine,’ Itoyal Inat., 1874, 
may bt* stuiUcil with ailvantajfc in this connection. 



GEOMOKPIIIC CHANGES 


67 


waters and the iitmosj^here, with their combined 

chemical and dynamic action, bring their materials 

again under the displacing action of gravity, 

whereby, like water itself, they finally find their 

lowest level. Hence sediments accumulate and 

• 

have been acciimurating through Quaternary time, 
and were these actions to continue long enough 
without compensatory elevation, the whole of the 
land, as has beciii pointed out again and again, 
would disappear. On the other hand, were eleva- 
tion to go on long enough, the whole of the sedi- 
mentary deposits would be stripped from the land, 
and we should be permitted to see what no one is 
certain hc^ has over yet seen— that is, the original 
crust of the earth. ^ m * 

It thus appears that, though these denudations 
are of long continuance, they must in the coursif, 
of geologic histoiy come to an end, for we find 
most of the land areas covered with sedimentary 
deposits. 

It follows, then, if tlie geologic history of our 
planet is to continue in the manner in which it has 
done in the pfftst, aild not to terminate in stripped 
land areas or umvcrsal hivt.dliiif^, that the s(.‘dinients 
on the coasts and seas bounding our continents, 
which have been accumulating since Tertiary up- 
heavals, must themselves be eventually raised above 
tlni waters and joined on to the dry land. In what 
way has this occurred in the past? If we ascertain- 
correctit/j it will he the keif to the future --ii truly 
g€3ological prophecy. That* there is a, relation of 
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cause and effect between subsidence, sedimentation, 
and subsetiuent upheaval, it has been my object to 
point out in the ‘ Griffin of Afountain Uanges.’ In 
development of this -idea I seek to show how, as a 
consequence of this action and interaction, the 
earth’s strata come to be arraii^^ed in rock-groups 
containing distinguishing fossils and having each 
its characteristic lithological grouping, which wo 
classify as periods. 

If a great group of })hysical features lasts 
throughout vast eons of time, su(di as I have 
shown has happened even during the Quaternary 
period (which we are living in now, and which is 
likely to continue much longer), it is exident that 
the clepo^its will have a characteristic lithology — 
looked at in the large way -and a fossiliferous 
will distinguish tlnuii from the Tertiary and 
preceding rock-groups. Kepresentatives of the 
modern mollusca and the vertehrate and mamma- 

i 

liaii fauna, and of the modern flora, will be here and 
there embalmed to give fhrtber distinction to the 
strata and joy to ^future geologists. Among these 
fossils, works of art and fragments of ships, to- 
gether with bricks and clinkers from ocean 
steamers, such as even now are occasionally 
dredged up in the Atlantic, will be a feature. I 
understand that when soundings come up with 
cinders attached to them the heart of the mariner 
rejoices, knowing ^tfjat he is on beaten tracks, 
if so inappropriate a phase is allowahli^ in ocean 
navigation, I’ruly, if ‘the world continue through 
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another geologic period — and there seems no 
reason to assume that it will not, as the internal 
forces are still alive, making for rejuvenescence- — 
the Quaternary will be the most distinct and re- 
markable period of all. Not only will the remains of 
man and his works up to the present be embedded 
therein, but also other works still in the potentiali- 
ties of the future, to which we may, considering 
the progress of the last fifty years, look forward 
with mysterious expectation, if not awe. The 
future great period will include the present and 
terminate with the completion of the Quaternary. 

Sefllntenf.s of Existing Seas . — If the preceding 
reasoning has any cogency in it, there must exist 
on the coasts, at the mouths of the great conti- 
nental rivers, enormous sedimentary deposits laid 
down siiK'c the close of the ^I’ertiary. Th^^ 
denudation of the land since then, though late in 
geologic time, has been enormous. Whole areas 
have been stripped of their 'I’ertiary covering, and 
in mountain districts thousands of feet of strata 
removed. To go no further than our own isles, 
the Tertiary rdeks that remain are but a fragment 
of what once existed. 

The Miocene rocks of Antrim, Staffa, Kigg, Hum, 
and Skye consist chiefly of lava Hows and ashes 
of great terrestrial volcanoes, which fill up the 
undulating valleys of the Chalk in Antrim, and 

* ^ mm 

those of Oolite and Silurian gneiss in the West 
of Scotland. According to llamsay, the Western 
islands formed part of a ‘ vast continent, to which 
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the British Islands were united, and which, eiu- 
hracinj^ Iceland, spread far to the north and west 
into the area of what is now the Atlantic, and on 
the soiith was united to Africa, when as yet the 
Mediterranean had no' existence.’ ’ 

Long before the extrenie denudations rt'pre- 
sented hy these fragments of a once continuous 
sheet took place, old rivers intersected- this ancient 
land and scoopcal out \-alleys in the AIioct‘i*e lavas 
and hiils, which were again partly filled by torrents 
of basalt and obsidian. ‘ Thus it happens that in 
the old volcanic plateaux, valleys a thousand feet 
deep have been excavated, and the whole region 
has by denudation been changed into a lino of 
fragiiieptary islands, the high sea-elifTs of which 
attest the grt'atness of the waste they have in 
<-ime undergone.’ - Sir A. (feikie says, speaking of 
Kigg : ‘ Lastly, from the geology of this interesting 
island we learn, what can be nowhere in Britai]! 
more elotjaentB’ impressed upon us, that, geologi- 
cally recent as that portion of the Tertiary period 
may bo during which the volcanic rocks of Kigg 
were produced, it is yet separated * from our own 
day by an interval suflicient f<;r ithe removal of 
mountains, the obliteration of valleys, and the 
excavation of new valleys and glens where 
the hills then stood.’ 1 hough we may not 

cilaim all this denudation for (hniternary time, 

• • 

' Phynicitl (irolotjy anti Gettynrpliy of Great Hritaiv, 5th ctl., 
p. ‘2Ga. * ' 

'* IhiiJ. p. 35(). 

“ ‘ On Tertiary Volcanic lioflws,' Q. ./. G, S., vol, wvii. p. .'UO. 
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since much of it may have taken place duriii;^^ the 
Pliocene, with resultant Pliocene rocks now sunk 
beneath the sea, these quotations from eminent 
geologists may well serve to giv<3 us an inkling of 
the powers we are dealing* ^yith. According to 
Dana, the length of the 'Quaternary period up to 
now is one- third of the Tertiary.* This is but 
an approxiinate guess, but nevertheless a valuable 
one. 

Turning our attention to North America, we 
may say that the Mississippi is at least as old as 
the Quaternary, and probably very much older. 
The elevation of the liocky ^lountain regions 
compelled the drainage of the continent to take a 
south-westerly course, while the older land of-'the 
Tjaiirentian highlands and the Appalac'hia /Is blocked 
it from di^’oct connection with the Atlantic, except in 
the northern portions. It h?is been shown that since' 
the elevation of th(^ Uinta Mountains, which began 
in (h*etaceoiis times, three •iiiid a half cubic miles of 
rock have been reihoved from every sejuare mile of 
their surface.*’ A large area of the central Mississippi 
Valley is occupied with Ch*etace6us rocks, while the 
southern part, bordering the Gulf of Me.xico, is 
Tertiary (Eocene and Miocdlie), and a smaller 

‘ Manual of Geolofjy^ ‘2iul ed., p. 086 - 

' Origin of Mountain Hangers, p, 24:3. In a most interesting 
paper by Dr, Andrew liawsun, entitled, * Tbcj Post-Plioeone Diastro- 
pliism of tlic Coast of Southern California * (f IJept, of Crcolm 

Univertiilg of California), it is shown that Pliocene sediments of over 
a mile thick, called the jMcreed sorioB, ^vere laid down on the Cali- 
fornian coast. This is an extniordinary example of the accumulation 
that has taken place in only tlio clos^^ phases ot tluj Tortiai'y period. 
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portion consists of Quaternary deposits. This 
would seem to show that for a considerable period 
of time after the upheaval of the liocky Mountain 
region continental conditions prevailed over this 
area, and that the sediinents from its erosion and 
waste now lie at the bottom of the Atlantic. 

Unfortunately, we cannot read the earth’s 
history with any fulness or accuracy:. * We may 
only see as through a .glass darkly ; but ^itill we 
are justified in ctmcluding from a consideration of 
these exiiinples, wliic^h could be multiplied from 
wellnigh all the known world, that an enormous 
erosion of the land has taken place during the 
Quaternary period, and that these sediments, pro- 
bablijfcwhh those of an earlier period, now lie on the 
ocean fioc^’, are still accumulating, and will continue? 
Ijo accuiriulate until such time as the earth’s living 
Itorces bring them up froui below the waters, to take 
their place as mountain, plain, and valley in the un- 
ceasing cycle of the earth’s changes. 

Cojiflition-s of the Eartlhn Crust in ivhich Sedi- 
ments accumulate^ and Hate of Accu niulation . — 
The conditions of the crust of the? earth upon which 
these sediments are being laid dowp Jire as varied 
as the sediments themselves. Whih* i)ithe north- 
eastern portions of North Ameri(ta, from NewVork 
to Battin’s Bay, there are no evidences of volcanic? 
activity, either in tin? present time tu* late gt*ologica,l 
past, south of New Yoi'k A\'e gradually approach a 
volcanic and oarthqufikc ar€?a, crossing the (lulf 
of Mexico, and culminating in C.’eiitral America. 
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The West India islands f^ive frequent evidence of 
volcanic instability by the raised coral formations 
which are there met with, together with foramini- 
feral deposits considered to be of deep-sea origin.' 
Within this basin-shaped arid -almost closed Gulf 
of Mexico deep-sea oozes are being laid down, and 
into this area, at orie locality or another, the 
Mississippi has delivered its daily burden of sedi- 
ment through at least Quaternary time. These 
spoils of the continental land will probably be 
interbedded with tin* lime deposits worn from 
coral reefs, and with the more purely oceanic 
accumulations of foraminif(‘ra and other deep-sea- 
forms of life." 

Fluctuations of level of the Mississip|u^mf^uth 
and valley may have given tht» terrigenous deposits 
a wider .distribution chan what obtains now^^ 
ilorings in the ^Iississi]>pi Valley show a subsi- 
dence of at least (>M0 fet*t at New Orleans. 

If the land were upraised so as to represent the 
j)hysiography of the time of this elevation, the 
sediments* now being brought down this great 
drainages chanftel would be delivered further into 
the Mexican Qiilf. Likely enough, in portions 
of the Gulf in time past there ma}' have been 
outriows of lava on the sea-bed. \ oleanie- 


* ‘Oil tile Elei-Tted Coral lloefs of Cuba,’ \\ . O. Crosby, JPror. 

lioHtou Sor. o f Naf. Hist., vol. ,x\ii. The OcoloRy of Barbados,* 
Jukes- Brown mid Harrison, Q. J. (i. iip. 170-226. 

* S«-e tliree letters by Alex. Af'assi/.** On the Dredging of the U.S. 
Steamer Blake,' Bull. Mitneum of Comparative Zoologi/, Harvauf, 
vol, V. 1H7H. 
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intrusions in the form of sheets insinuated 
between sedimentary beds are another form in 
whieh it is highly probable these igneous forces 
have developed tlfemselves. If there be any truth 
in these inductions,* . there must be immense 
accumulations existing in the Gulf of ^Mexico, for 
its area is not above one-third of that from which 
the sediments have been deriv(‘dd In addition, we 
have the gn‘at denudations from the mountainous 
regions of tropical America and from Mexico. 

The land sediments and the lime and silicji 
eliminated from the waters of the sea b>' organic 
agencies, and ever being renewed by the decomposi- 
tion of the rocks through tlie solvent action of 
i*aiTl*w{^ter, aided by humic acids, must, togtithor 
with igneous Hows, intrusions, and ashes, be build- 
ing up rock-groups which •will eventually form the 
frnmework of new land.’ None the less is this tin* case 
when the earth’s crust has bt‘en long in appanmt 
rejpose ; for th(*ro surel;y^ will come a critical tijne, 
when they will begin to rea’ct on the (*arth’s 
interior, so that before being elevated into lUiW 
land thtise portion's of the earth nray go through 
the volcanic cycle of change. \Vp might in this 
way travel ovcir tfie earth’s surface, and find in 
every part modified phases of the same actions in 

* In iv Viiluablr paper, entitled ‘The Gulf nf Mexico an a Mcasiiro 
of Isostaey ’ (Ann. Journ. nf Science^ vol. \li\. 1892, p. IHH), McGco 
estimates the area of dc:;gradatiou at 1,800,000 square miles, and that 
of deposition at 100,000 s«juai^3 miles, or one-eighteenth. This maybe 
true in relation to what is^nfiw taking place, but rny assumption is 
that the area of dex^ositiou has shifted from one loam to another, being 
conditioned by elevation and sifbsidence. 
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progress — for our planet has not yet lost its vitality. 
All along the west coast of the two Americas 
volcanic activity is adding to the thickness of the 
sea-bottom, and the ceaseless denudation of th(‘ 
great mountain ranges provides -covering on a still 
grander scale. On the eastern coast of South 
America the conditions of deposition are less 
variable, but. a still greater load of sediment is 
being deposited in the Atlantic by the Amazons, 
Jja Plata, Orinoco, and other great rivers. On the 
African coast it is the same ; and two of the 
greatest rivers of the world — the Amazons and 
(Jongo- -pour their tropical Hoods and the spoils of 
the land on oppositti sides of the Atlantic in the 
same parallels of latitude. 

I have shown that the sediment from ‘iF, 000, 000 
s(iuare miles of land, the estimated area of thc^ 
land draining into tin.' Atlantic-, would, assuming 
the rate of denudation to be 1 foot in 8,000 
years, lill up an ecjuivalcmtf area in tin* North and 
South Atlantic, estimated at two miles deep in 
8 ‘2, 000,000 years.' 

With all this variety 1 have little dcjubt that 
the deposits as jii whcde will be diflcrentiated from 
a 113' that have gone before, so as to justly' enable 
the time in which the^’^ were laid down to be called 
a ‘ period.’ 

This will bc' due niainl\ to the pc'vsistenco of 
the physiographic fc'atures of*the land arc'as, which 

' ‘ 1 )emi<lation of tho Two Aiin-rjcas,’ l’rc*siilcnti:il A<Ulr<‘Ss, l.ivov- 
pool Ciool. Soc., IHMo ; see reprint in W>ok 111- 
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will only change w’hen the internal forces of the 
earth, reacting on the sedimentary mantle, develop 
expansion therein, and by lateral and vertical 
pressures and movements, oftentimes renewed, 
develop tlioses ridges of - the earth called mtnmtain 
chains, and so diversify the ‘planet’s surface by 
sketching out new land surfaces where now is sea, 
thus modifying the form and conditions of the old 
continents. 


GKNEHAn Conclusions 

The result of our rollections upon the group of 
facts which it has been my object to bring togetlier 
in systematic order tends to sliow that the growth 
of *lltn4 areas of the globe is governed by certain 
laws of developinont. The records of the rocks 
^Jell us pretty plainly that there must, throughout 
geologic time, have existed land areas on the 
globe comparable in extent with those now existing. 
Jt is not my intention in* this chapter to touch upon 
that vexed question, tlu' ptu’iiianencc of ocean 
basins, or to skettdi out the lines of former land 
ext€Uision. We have seen that? lanc^ aretis grow by 
accretion from existing land. The. ruins of former 
continents have added to their extent, so that by 
process of accretion their outlines and physiographic 
features have altered; thertdore tin* present conti- 
nents, though the outgrowth of earlier ones, may 
be vastly different in Jorm, jwsition, and orography 
from their predecessors. That the land areas 
should have been presrt'ved through geologic time. 
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considering that their mean heights are so little 
above the water, has always presented itself to my 
iriind as a geological crux. We now see that the 
waste of the land and the Collection of the 
resultaait sediments in the bordering seas are 
nature’s means of renewal ; and we further gather 
that continuity of laiid areas throughout geologic 
time, so necessary for the preservation of terrestrial 
life, is in this way secured. ‘The origin of mountain 
ranges and the growth and decay of continents 
are thus closely related. New lands are the con- 
sequents of sedimentary loading and recurrent 
expansion, acting through a chain of events 
which I have dealt with in the ‘ Origin of Mountain 
llanges,’ and which seem to me to be tlK^^^iplTTna- 
tion which brings togeth(*r all the hitherto isolated 
facts of geology into Cue comprehensible wholc^ 
The history of our planet is not one of fortuitous 
accident, but of ordt^rly devt‘lopment, the principles 
of w'hicli it is the aim of lihis work to investigate 
and establish. 
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OCEANOCSItAPHY 


sub-ockank: coneku kation of the eauth s ciu:st 


~jrNTli01)lJCT [ON. evolution of the ^eo- 

graphical forms of the hind areas of the *^10110 
having boon considered, it will be necessary in 
relation thereto to further study the oc(‘au basins 
and the complex (piestions included under the term 
‘ oceani^i*{^phy.’ 

It is only within the last five-and-twenty >'ears 
^that anything of an accurate nature* has been 
known of the form of the ocean bottom. Surveys 
and soundings there had been, but these were 
mostly in shallow deptlir and near to land. 

The Cludiciifjer expedition (‘idargod our know- 
ledge on a systematic scale ; hut these 'soundings 
in the deep seas wiire necesi?arily* taken at such 
distances apart that, excejit as giving a rough id(‘a 
of the average depth of th(‘ ocean on the tracks 
that the ship followed, little could be inferred.^ 

With the extension of <;ommerce and the lav- 

« 

ing of deep-sea cables came the ne(;essity for nior«‘ 

• • 

' It is necossary to the work of onr Navy of late yj'.-n '• 

in PacHic cleop-sca bouikUhks, as we ll as the .surve.\s of the U.S. Fish 
Coiumissioii in the Atlantic an<l the Steamer Blake in tlie (Julf of 
IVIexiiio and the Piu*ifie. * 
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accurate knowledge of the form of the ocean 
bottom; but even now it is only in exceptional 
cases that anything like a complete set of sound- 
ings, suflicient to enable a sectioli to be plotted, is 
taken." The result of these. more complete surveys 
is, generally, to show that the contours of the 
ocean bottonis are milch more diversified than was 
formerly inferred. I have? pointed out in a former 
paper ^ ,that if the present continents were sub- 
merged to the depth of some of the great seas, a 
series of soundings taken as far apart as those of 
the Chalhnger would show no more variety in 
depth tlian do the (challenger and that the 
inference that tlie ocean basins are little more than 
vast plains or saucer-shaped depressions, \^th ITere 
and there volcanic con('s protruding aTove the 
surface of.tlie waters oi* stopping short at variouf^ 
depths ht'low, was not based on suflicient data. 

The Snb-Oeea nic Margin of Spain and Went 
Africa . — Soundings froii^ the Ba.\' of Biscay 
along the West C!oast« of Africa reveal greatly 
diversified submerged ground, which appears to 
have a considerable t'ifect in hiducing deep-sea 
currents. 

In relation to these soundings and the nature of 
tlui sea-bottom deposits, Mr. Stallibrass, in a paper 
on ‘ Det'p-sca Soundings in connection with Subma- 
rine Telegraphy,’ says, ‘Of all bottoms these oo/es 
ar(‘ to be iireferred. Tlitl fact of their being found 
shows that no currents exist in these parts, and 


' ‘Oceans and (\)ntinc‘nts,’ Oro, vii. ISHO, p. ;i88. 
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they are so soft that the cable sinks far down into 
them. The old idea that currents do not exist 
at any great depth has long since been rejected. 
Currents may exist at almost any depth. Between 
the Canary Isles there ^ are strong currents 1,000 
fathoms below the sea face, ‘and their scouring 
action may be clearly detected.’ ' Mr. J. Y. 
Buchanan, in the discussion of the. paper above 
referred to, expressed similar views, and added, ‘ If 
we find hard ground we know that there must be 
something to prevent the accumulation of sediment. 
Now, the only thing that x^revents the accumu- 
lation of sediment is a current ; and one help that 
telegraph soundings have given to geographical 
sci?hce^ the indication that tidal currents exist 
even at very great depths in the open ocean.’ ^Ir. 

^W. H. Huddleston, in a •x^aper on ‘ The Kastern 
Margin of the North* Atlantic Basin,’ - gives a 
considerable am<.)unt of information as to the form 
of the ocean lloor and^ho gradients of what he 
terms the sub-oceanic sk)pes, which, as he sliows, 
are exceptionally steep in the Bay of Biscay off the 
coast of Spain. Off itivadeo the 10(J-fathoms 
X)latform is of the usual width for this coast — 
nearly 30 niilos, iii fact ; from the edge of the 
platform a depth of 1,130 fathoms is obtained in 
the next 5 miles, giving an incline of about 1 
in 4, or about 30".’ About 30 miles to the north 

of Bilbao is a channeJ froiVi 1,000 to 1,500 fathoms 

• • 


’ Jounu of the Soc. of Telegraph Knginrers, p. r,09 (1887). 
(leo. Mug., March and ApM) 1899. P. ir»:]. 
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deep, apparently sunk in a submerged platform 
which itself has an extremely irregular surface; 
This is a place notorious for cable fractures, which 
usually happen in the nn^nth “of ^March, when 
sometittMMi- portions of the -cable four and five 
miles in len^h are buried. ‘ 'l''he fractures are 
attributed to;the action of a submarine current, 
caused by tlfe^piling up of the surface water cutting 
the prolpng?rtiion of a river-,bed with steep walls ; 
these walls when undercut are bcdieved to fall in 
such masses as to bury the cable. No rock is 
marked on these soundings, which yield clay, stiff 
clay, mud, and sand. In this locality the 100- 
fathoms line lies 12 miles off the coast.’ ^ 

Professor Hidl, who has paid consideraible 
attention to the submarine eonfiguratioil of the 
c oasts of Wcjstcru Ttliirupe and the West African 
continent,- considc>rs that the ‘Great Declivity’ 
or scMiward fall of the bottom from the lOO-fjithoms 
line represents along its ^liole length in Huroxxi 
and Africa a subinergT^d sid^aib-ial escarxmient. He 
gives much information as to the sub-oceanic con- 
tinuation of thc‘, river beds across* the ‘ Continental 
Platform ’ and the ‘ Great Declivity,’ giving the 
best evidence of the strength of •his convictions by 
charting their several c;ourses. That tluire have 
been fluctuations of level between the sea and the 
land in times geologically recent, to the vertical 


‘ P. 152. 

Soo volumes xxxi. amlxxxii. of the Transactions of Victoria 
In}stitut(\ 


G 
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extent of 1/200 fathoms, must be conceded, but 
whether they were simultaneous on both sides of 
the Atlantic, as he appears to maintain, is not so 
certain. Such afi ejiormous change would mean a 
sinking of the ocejin- bottom to a rcl^t-waj^cuhical 
extent elsewhere, otherwise the walyrs would rise 
with the land and conc('al the real vVrtical move- 
ment. 

Though Hull is aii extremist iiiNiheso views, 
there is a large snhstratiim of truth on which they 
are foundt‘d. 

Vttrii’d Ci>)ifi<jurnti(tn of the Xorfh Atlantic, 
Bottom . — III a presidential address to the Liverpool 
(reologit al Society, in IS85, on the North Atlantic 
aS^a Creological Basin (reprinted for reference’ in 
Book I expri’ssed the opinion that as sound- 

ings were multiplied tl>e more nneveii the sea 
bottoms would prove Co be, and the general correct- 
ness of this opinion has been verilhrd since. 

ft so happens tliaifc the views j)ut forward in 
the address referred to.liavC* been amply t(‘sted 
and strikingly confirmed in the North Atlantic by 
the sounding expedition organised.by the Deutsi li- 
Atlantische Telegraphengesellschaft and the CVun- 
inercial Cable Ciflnpany, whi<*h ran two lines of 
soundings between the Britisli Islands, the Azores, 
and North America. It was also ascertained that 
the contours of the submerged portion of the Azores 
were of so diversifi|?d a naturci that it w'as really 
impossible to folfow them out in anything like 
detail. In this respect the experience seems to 
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have been the same as that recorded by Sir 
James Anderson between Lisbon and the Canary 
Islands.' 

The connecting lines betwfJi^ the Azores and 
AmouftswwHiiJie one hand, andiO,ngland and Ireland 
on the other, ^)r()ve Dhat the ocean bottom between 
the continenA of Am^ica and Lurope is anything 
but the exteii^d plain it was thought to be. 

‘ The^tw^ lines of soundings run between the 
Azores and the British Islands {ire very interesting, 
for they both developed uneviiii ground. On the 
more nortlitsrly line the bottom gradually sinks from 
the 1,000-fathoms line olf the south-west point of 
Ii’ebiud dowji to a maximum depth f)f 12,(508 hithoms 
in hit. 4r, 10' 18" N., long. 10" >50' 2(5" W.j tlTen 
shoals slightl}’’ to 2,1 15 fathoms, and ebntinues 
to rise {ind fall in {i series of undulations more or 
less abrupt until the sh{illow W{iter of the i^zores 
bank is rejiclied. The 2,145 fathoms sounding is 
su(*ce(‘d(‘d by one in 1 ,()(57yf{ithoms, <ind then, in 
hit. 18" 50' 1 1" N., lo* ig. 22’ 7' W., by one in 1,410 
hithoms.’ • 

It is unnecessjiry to (piote further as tc) this 
line of soundings^ exca'pt tosjiy th{it two submiirine 
('lev{itions were discovered, repri's*ented by soundings 
of 1,410 and 1,200 hithonis respectively. 

Th(i more southerly line between the Azores 
bank and North Americji ‘is extremely interesting, 
{ind may he d(*alt with in gi’e{i|er det{iil. 

‘ Sco 7’/tr Noi-(/i Atlanlic an a Ctoloffhud Basin: IJoprint in 
Book 111. 
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‘ Off tho American coast the soniulin^^s deepen 
gradually down to 2,800 fathoms ; then in latitiuh; 
89'" 4rj'30" N., long. 00 10' W., a cast was taken 
in l,07o fathonrs;-vmpavently siirronnd(‘d on all 
sides by water sevc^arjS^linndred fath()mr’‘Ttw^r. 

‘ l^^roni this point the bottoj^fi sinks^iadually, and 
inlat. hr N., long. 0:r W.',' three dfep soundings 
exceeding 8,000 fath(^ins were takevi in what has 
been called the Libbey deep, the being 

8,1-14, 8,287 and 8,818 fathoms, the last-mentioned 
being the deepest cast taken during the cruise. 
Proceeding etistwards from the l-iibbey deep, the 
wattT shoals gradually to 2,708 fathoms, but in bit. 
40'" 11' 81" N., long. 89 81' 80" W., a single deep 
cast it^ 8,048 fathoms was taken, followed by a 
sounding in 2,8l(.) fathoms, and then another dei'p 
cast in 8, UiO fathoms in'lat. 10" 28' 8(X' N., long. 
88° 82' W. (S(‘e Sectuin C to A, Plate If.) 

‘ It thus appears that thi'sii two dee,]) casts form 
two isolated “ deeps ” s\^pa rated b}' shallower water, 
and the name 8igsbee ddtp has been given to the 
8,048 fathoms depression, and the name Thoulet 
deep to the 8,lfj0 fathoms depression.’ ’ 

Hnh~()ce(i)iic (JoNtu/ir.s at tUf Azorr.s. -In the 
presidential address already reft'rred to the follow- 
ing statement is made ; ‘ 4’he Azores are situated 
uj)on a central area connecting the north coast of 
^outh America with Iceland and enclosed by the 

. \ 

' On thr Hi’huUh of a Deep-nra fiouniJimj T]xpi‘t1H ion in Hut North 
Atlantic durhuj the Sununcr of 1891) fpji. hy 11. E. IVake, 

M. Inst. <^E., wiUi notes Sir .lolin J[m ray, C.U.. &c. 
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•2,000-fathom contour. It is of this area that we 
want much full(*r information.’ ^ 

The soundings of 1.899 fortunately supply us 
with this. ‘ The bottom aroniifii/'cliese islands is now 
know«y»-ti7TK*)i,so irregular t^jn-^-nono of the usual 
bathymetricaj^ contour lines can be made use of as 
a limit to thr)^ bank. ‘Thus the 1,000- fa thorns line 
cuts up the giy^up of islands into two separate banks, 
the onev.hl^Jl'hiding the islands of Flores, Corvo, 
Faya], Pico, San Jorge, Graciosa, and Terceira ; 
the other including San Miguel, Santa Maria, and 
Forniigas. 

‘ The 1,500- fathoms contour includes all the 
islands of the group, but it would extend the b.ank 
far to the north, for in this part of tlie^Ndlth 
Atlantic; there is aiii)arently an extensive ridge 

running ncwth froiu the" Azores, on which scweral 

^ • 

submarine, elevations are situated.’ A glance at 
tile map accompanying Mr. Peake’s description 
‘ shows how uncn on the j^'ound is around these 
islands, with isolatecf basins and elevations, depths 
of over r,000 fathoms being found sometimes 
com])aratively ('lose; to the islands.’ Then follows 
this notci : ‘ Furthtu’ evidence afterwards obtained 
from the varying strains whicli had to be cairried 
while laying the ca,bles across tlie Azores bank 
tends to show that this area is much more uneven 
than would appear from the comparatively small 
number of soundings that tlje^time limit allowed 
of being taken during the Briftnuiia expedition.’ 

* Sec Kepriiit, Book*III, p- 285, 
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About 4'^ north of the Azores there are soundings 
of only 48 and 70 fathoms ; while further north, in 
lat. 60^, there are three soundings, 025, 730, and 
082 fathoms, takciThy the Telegraph Company’s s.s. 
Faraday in 1882. 

A comparison of this chi^ with Jlie contoured 
chart of the North Atlantic by Sir dajj^'S Anderson, 
published in the ‘ Origin of MountainlHanges,’ ^ will 
show how much has been added since ^^^5. 

I would point out that this uneven bottom is 
not confined to the vicinity of the Azores, but has 
been proved more or less along the whole of the 
lines of zigzag soundings taken, but only partly 
described in the pretH'ding pages. - 

*Nol^only do the soundings in the North 
Atlantic tell us that the ocean floor is varied in 
configuration, but at the 'Antipodes we. meet with 
facts of the same nature. 

Ocean. Tioiiatn affyioretonliatfj Queensland . — In 
an interesting paper the Kev. \\'. J3. Cliirkt;, 
F.li.S., ‘On the I )oe]^ Oceanic Depn'ssion off 
Moreton Hay, Qiieensland,’ we ar<i informed that 
the soundings of the Tuscarorn show’ a depth of 
5(>2 fathoms (brow’ii mud and sand) 30 miles from 

* j’. sis. 

* In a coiimninicutioii to Nature, dated from the J'rinrexse Alire, 
with the Prince ot ^Nrormco on board, .f. Y. liucliaiiun dertcribes souiid- 
infjB made between Gibraltar and the Azores. The dcptli of water on 
Gorririf't! or Gelt,ysbnrj{ bank wa^ fonnd to be ver\ imn\en and the 
stirface of the bottom verv^rf^igh. In contrast with this the soundiiif's 
on the Josephine bank ‘rev(;aled a nnifonnity of depth which is 
astonishing’ (Nature, August 14, 1902, p. S70). 

lletul before tin- Uo.val Society (of Australia ?!, Jul.\ 20, lH76. 
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Cape Moreton Lighthouse, which increase to 2,485 
fathoms 58 miles from the same point, and the line 
of soundings continued to Kandara Island, 19° 11' 
S. lat., 177° 41' E. long., show continual varia- 
tions of level, ranging between 645 fathoms and 
2,682 fathoms. 

This depression is the more remarkable as the 
immediate coast of Queensland is comparatively 
low. Mr. Clarke remarks : ‘ If for the sake of illus- 
tration we could raise New Holland, New Zealand, 
and New Guinea to one uniform additional height 
of. some 2,000 fathoms above the ocean, Ave would, 
I think, ptnccivc similar features on the surface so 
formed to those Avhich are now exposed.’ ‘ 

Tiuf Indian Ocean . — The laying of the Cape- 
Australian cable by the Eastern Extension, Aus- 
tralfisia, a4id (3hina Telegraph Comi^any has put 
us in poss(3Ssion of a line of soundings of some 
7,600 nautiiail miles. Starting from Natal, South 
Africa, it passes the southern end of Madagascar to 


* The deep boring FuniilutI atoll in the I'acifio, reaching a depth 
of over 1,100 feet, I jiiv infor?ned on good autlioritv, began in oi’gaiiic 
sand and soft and cavernous liiiicstoiie. The sand gradually disap- 
jiearod, and the core became compact and stony except for small holes 
wh(‘re corals had disappeared. The organic character of the rock 
renuiins imieh the same throughout, though in places particular groups 
predominate. The main constituents are calcareous algfc, such as 
Fornminifera of >arioua kinds, and corals, mostly of reef- 
building genera, there being iiolhiiig to suggest that the lower part was 
formed in materially deeper water than the uppey. 

Tlioiigh we must await the rv\.yrt of the itoyal Society experts 
before coming to a final '‘onclusion, the cxuiiulative evidence detailed 
ill this chapter points strongly to a very extensive subsidence of the 
bed of the I'acific, whicli seenis to be^ reinforced by the information 
revealed by this interesting boring. 
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tlie Mauritius, from thence to the Cocos or Keeliii^^ 
Islands, from which it is continued in a soutli- 
easterly direction to Perth in Western Australia. 
Following tlie coast, the line of soundings bends 
round the south-western promontory of Australia, 
from whence it is continued in a parallel of latitude 
easterly to the coast of Adelaide'. 

These soundings, taken together with others 
shown on the Admii'filty ('hart of tiie Indian 
Ocean, reveal a considerable variation of depth and 
irregularity of bottom betwet'ii Xatal and ^Vfada- 
gascar. The deepest (i2,7()() fathoms) is about half- 
way, but on the line of prolongation of the axis of 
IVIadagascar, south of the regular line of soundings, 
there are two of dHO fathoms each. Oppositt* Fort 
Oauphin, inu<‘h nearer to the coast then' aiM' (U'j)ths 
of 2,1200 and 2,500 fathohis. From thenet' the 
bottom is fairly regular until Iteunion or Bourbon 
Island is refiched. 

Hero the irn'gularities agajn eommenc*i‘, and 
continue as far as Kodrigue Island. Tlu^ sea. 
increases in dep.th from 15 fathoms tt) 2,‘.M5 
fathoms about long. 70 . 

Fcastward of thisj there is not much variation in 
the dei)ths until an area bi'tweeu long. 8(3'' and 80" 
is reached, when tlu' soundings vn.ry from 1,285 to 
2,940 fathoms. I’rom this irj’egiilar submerged 
area to Kecdin^ IslandsL tlu'. soundings are deep, 
reaching a inaximuyi of :vll0 fathoms.’ 

• Oai win describes tlwse iiUdls in his (’oral licr/n, p. 210. Bccond 
edition, 1S74. * 
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These islands seem to rise out of a sea 2,500 to 
2,700 fathoiris deep. 

Between Keelin*,^ Islands and Perth, Australia, 
thert^ are dex^ths of over ;i,000 fathoms, and some 
of these run in x^^'^tty close to the Australian 
coast. There are also two considerabh} submerged 
areas about halfway between Keeling Islands and 
Perth, in which tht‘ soundings are not more than 
from 1,500 to 1,(500 fathoms. 

Aiiairalia: ^Ye.st and Honth Coasts . — The 

X^henomenon of the continental shelf roax3x>ears 
again in Australia, and the soundings indicate 
sudden falls from this regular xdatform to the ocean 
deex3s. 

The forms of the continental margins already 
fully described in Aimnlca rei)eat theinselv(*s in 
Australia,- with variations due to the dilference of 
geogr}»x^hic and geologic structures. It is difficult 
to resist the conviction that this almost universal 
feature of a sub-aqueous torra(ro surrounding 
continental land is due mainly to dex)ositioii of 
si‘dinicnt. 

The line of soundings off the southern coast 
shows dejiths of 2,000 to over >y)00 fathoms, \vhich 
shallow to 1,M00 as the apx^roaches to Adelaide are 
maired, this latter dex)th being no great distance 
from the 100-fathoms platform. 

These are a very excellent C;>ntinuou8 set of 
soundings, throwing much light on deex3-sea 
I^roblems. I venture to x^r^Hhct, however, that the 
configuration of the bottom, when surveyed with the 
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minuteness of the survey of the North Atlantic 
already described, will reveal features of an equally 
varying and interesting character. 

It is worth mentioning that at the meeting of 
the Eastern Extension Company on November 13, 
1901, the chairman. Sir John Wolfe Barry, stated 
that one of their great troubles with the cables was 
‘ fish-bites ’ : ‘In this particular half-year we have 
found the tooth of a s'hark in a cable at the very 
great depth of 330 fathoms,’ the sheathing of tliick 
iron wires and outer coverings being bitten 
through. 

To describe in further detail what has been 
ascertained of the form of the ocean floor would 
occupy too much space. For the present pui*- 
pose the information given leads to tlu^ ('onvic- 
tion that some of its features aj)prox'tmate to 
those distinguishing dry land. Extended plains 
no doubt exist, but varied with large undulating 
tracts. Valleys and Tiioiintain ranges also arc 
present. The information given in this Chapter 
certainly lends ng support to the view that the 
ocean bottom is a ])lain, varied! only by submarine 
volcanic cones risipg towards or above tli(‘ sea- 
level. 



CHAPTEll V 

TKODUCTS OF DENUDATION ACC’UMUDATF IN OCEAN 

BASINS 

TN considering this question we must not lose 
sight of th(^ fact that the seas and oceans are 
the recipients of the spoils of thcj land — that 
hour by hour, day 1 ) 3 ' day, cauituiy 133 ’^ c.entur 3 ^ the 
products of the denudation of the land are being 
carried forward and distributed over the sea-bottom. 
1 have shown in ‘ 'I’he Dtuiudation of the Two 
Americas-’ how great tlie jimount of this matter 
in mechanical siisjuaision and in solution is, and 
have shown by wa 3 ' of illustration that, if we 
take the area of the South Atlantic from the 

m 

equator to the 40th parallel an area in round 
figures of 10 million squart* m^les — and add to 
the area of tlie North Atlantic from the e(]uator 
to the 40th parallel, which is in round numbers 
eleven million s<iuare miles, we get a combined 
art>a of twent 3 '-one million square miles, approxi- 
mately equal tr the total land area draining into 
the North and South .Vlantic. « Estimating the 
mean depth of this sAu tion* of the ocean at ‘2 
miles -a veiy liberal t*stimate — and the detritus 

* Hopublislieil in Book III. 
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worn from tlio land at 1 foot in 8,000 years, in 
3‘2 million years the whole area of 21 inilliun 
square miles would b(» levelled up. That is, 2 
miles in thickness of rock would be removed from 
the land, and the same, thickness of deposits laid 
down ill the ocean over equal areas, always sup- 
posing the rock and the deposits to be of the same 
specific gra^’it3^ 

I doubt if it be stithcientl^' appreciated by 
geologists Imw important it is to gc^t a firm grasp 
of the cpiantitalive relations of matter on the glcjbe. 
8uch a knowledge, 1 lind, tends to dissipate many 
theories that otherwise at first sight ma^' sec*m 
very attractive. It is here' that the value; of 
geologic time as an iuterjiretia’ of phenomena is of 
such value. 

IjC't us now cojisidyr how we can appl^’ tlu* 
lessons of this caleidation in assisting us to 
appreciate the* nature and form of the sea 
bottom. As already* stated, tin' coarsen* material 
carried in susiieiision b^* rivers is laid down in 
smaller areas than, those from which it has b<;en 
derived; consecpientlv' the* derposits in('r(‘ase in 
thickness at a proportionately' (piicvker rate*. Not 
only is this so, but as the deposit at first is largely 
saturated with water, the accumulation is still 
more rapid. 

Mr. J. Y. Buchanan iqiys ; ‘ Tin; African rivers 
are (j[uite stupendon,s, aii^ have much to do in 
giving the Oulf of Guiima its peculiar character. 
The drainage of quite 00 per cent, of the whole 
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contiiKJiit oiuiJties itstilf into a v(‘ry restricted 
area of the s<;a, tlie formation and tlie conditions 
of which it has profoundly }nodilied.’' 

Again, in tho^ report of the Eastern Telegraph 
Company, January 25, 1900, the following state- 
ment is made : ‘All cables are subjcict to temporary 
disablement from various causes, such as corrosion, 
submarine earthquakes, Ac., and the action of great 
rivers discharging immense volumes of ciarth-laden 
water into the ocean, causing submarine landslips ; 
this is especially the case (jff the (,'ongo llivor.’ 


TKUiuoKNor's lU'U’osrrs coxceat* 


SJUAfEUGEl) SUKFAC’E 


FKATriJES OK THE EAliTH 


It is evident from these* facts and considerations 
that within the areas surrounding the continents 
upon which terrigenous - Th'posits are laid down 
deposition will quickly modify the features of tlui 
bottom, (ill up tile hollows and smooth off tlie as- 
perities, and it is trt deposition we must look for an 
explanation of the regular gradients that generally 
connect the continqnts with th(‘*ucean. If we turn 
our attention to the l^icitic coast of America, wc 
find tin? same concealment of Thi* underlying rocks 
by a mantle of recent deposits. 

The dredgings of the C.S. Fish Commission 
steamer Alhidross^ Ale>^ Agassi/ says, proved 
that th(i ocean lloor between Galapagos Islands 


‘ Nnfurr. Murvli ‘2.^ 1SS6. p. 40."). 

In one sense all tleposfls an.* lerri^t'nons. 
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and South America is covered with decayed 
vegetation and silty deposits from the land at 
depths as much as 1,100 fathoms. It is GOO 
miles from Galapagos to Cape San Francisco, 
in Ecuadoi*. The bottom in xdaces is very 
uneven. ‘ When trawling from north to south we 
seemed to cut across submarine ridges, and it was 
only when trawling from east to west that we 
generally maintained <i fairly uniform depth.’ 
When in soundings of 1, 100 fathoms, ‘ unfortunately, 
we deepened our water while towing only twenty 
minutes to over 1,400 fathoms.’ ' 

On all the continental coasts the same pheno- 
mena, with variations, occur. 

In Liower Burma, the Salween Jiiver discharges 
water laden with [virt of sediment into tlie 

Gulf of Martaban, which is distributed Qver 2,000 
miles, depths of 40 f)r 50 fatlioms being reduced to 
15 to 20 fatlioms in forty yi*ars.- 

But it is not merely groat rivers 

that these acaaimulations occulr; tlu'y are distri- 
buted all along the coast, in varying widths and, I 
believe, greater volume than iss gcnOmlly susxiectcd. 

* Bulletin of the Musc^/ui of Coutj^u ruti ce Vioologij at Hurvard 
College^ voL x>Li. No. 4, pp. 185—200. 

NufurCj Feb. 1901, p. 427. 
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AOK OF BIVEIl COURSES AND ITS INFLUENCE 
ON DEPOSITION. COAST LINES 

It must not be lost sight of that the present 
river courses date back in most cases to Tertiary 
times, and though the continents have been at one 
time partially submerged, and at another elevated 
above their present level — and this slow pulsation 
may have occurred many times since the present 
valleys were excavated — the discharge of sediment 
has been taking place through these channels all 
the while. The localities of the area of deposit have 
changed during these land movements, and this 
changt' is only one of nature’s ways of building 
up and I’c'storing continental land. Thus, within 
Pleistoc(Uie ' times the Mississipjii and St. Law- 
rence, and probably the (’ongo and other great 
rivers, when in conseijuenCe of continental eleva- 
tion th<‘ land areas were increased, have extended 
further out into what is now open ocean, and the 
sedimcmtary depoi^its there laid down are now 
concealed by calcareous oozes. 

Tlu‘ (^ontiHoifal Marfjin from Florida Isthmus 
to Saudjj Hnol'. — On the other hand, during eras 
of continental depression Pleistocene deposits have 
been laid down on the present borders of the 
continents, such as are described by McCxee, on the 
coastal plain of North America, south-east of the 
Appalac hian mountain system, and extending from 
Sandy Jfook to the Plori^a Isthmus. ‘ The 

* ‘ rioistt)cciio ’ and ‘ Quaternary ’ ^ire used by me intercliangeably. 
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sequence of events recorded in the coastal plain 
deposits is one of the changes in the relations of 
land and water resulting from rise and fall of the 
continent ; with each continental fall the shores 
advanced upon the land, and the lower hills and 
plains and river- valleys were sheeted with sediments ; 
with each continental rise the shores retreated, and 
the rains and rivers attacked the successive sheets 
of sediments and cawed cdiannels, sometimes 
entirely through more than one formation,-* and 
sometimes far seaward of the present shore lim^ ; 
and the continental rise and fall varied from place 
to place in the coastal plain and from time to time 
in the course of its history.’ ^ 

Speaking of the Columbia formation, which 
consists mostly of beds of loam, sand, and gravel, 
^[cG(‘e shows that it repr(*</.ents a ‘ submprgeiK'c of 
the entire coastal plain in the middle Atlantic/ 
slope, reaching 100 fet?t in tlit^ soutJi and over 400 
feet in the north, with c-oeval cold long anterior to 
the terminal moraine period.’ * There are well- 
marked terrac-es in the firm clays, while the more 
friable sands have assumed 'a chiwacteristic un- 
dulation form. But more important for our 
present purpose is th<i statement that ‘ the diretjt 
record of the (Columbia formation goes bac/k to an 
era three, live, or ten times as remote as that to 
which the Quaternary Iqis commonly been c.arried, 

^ ‘ 'Che Lafayette Formation/ Tsjel/th Annuttl Ileport of the 
Geo. Survey^ 1890-91, p. 42!*l3. 

u * Three Formations of the Middle Atlantic Amcr, Joiirn. of 

Science^ January to June 1888, ‘p. ^86. 
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while its indirect record extends far into the 
Tertiary, and affords part of the data required for 
ecpiilibrating Tertiary and Quaternary time, the 
data from the deposits being yet lacking.’ * 

The importance of this direct and independent 
testimony to the length of Quaternary time will bo 
seen on considering the nature and extent of the 
sedimentary deposits in the present seas. 

* * Three Formations of the ^liddle Atlantic Hlope, Amcr. Joiirn^ 
of Shieitce, January to June, 1888, p, 465. 
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CHAPTEK VI 

THE CONTINENTAL SHELF AND MARGINAL 

distrirution of sediment 

O NE of the features distinguishing the marginal 
form of the great ocean basins and their 
connection with the great continents is tlio 
existence of a band of comparatively shallow water, 
of varying widths, but roughly following the coast 
lines. Practically it is a sub-aqueous terrace, which 
forms the <-onnecting link between the continents 
and the oceans. Thq British Isles stand upon a 
platform outlined by the lOO-fathorns line, from 
which thc‘re are descents to the Atlantic, in com- 
paratively quick grades, the ^steepest of which I 
have already mentioned as being in tlie Bay of 
Biscay, 

• ^ 

But the sub-aqueous terrifc^o can be traced in 
narrow widths ii'yirgining the continents almost 
everywhere, though it may be, and indeed is, often at 
a greater depth. If we turn to the maps illustrating 
the paper of McGee’s on the Ijafayetto formation, 
already quotedf we slnfll see a very complete set of 
submarine contours (given in feet) opposite thi^ 

south-eastern llnited States. 

• 

These are rather remarkable in showing but a 
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narrow margin corresponding to the 100-fathoms 
lino (()00-feet contour) oi>posite thti coast of Florida, 
a rather steep descent to the 2,600-feet contour, 
then a broad submarine terrace to the 2,900-feet 
contour, of a maximum width of about 90 miles, or 
a slope of only 1 in 1,584. 

Then commences a steep descent to the 9,600- 
feet contour in a distance of 40 miles ; but thc^ 
contours show a considerable variety of form in the 
ocean floor, for an adequate coiKieption of which 
the reader must be referred to the original map. 

'rhe same map shows the submarine contours in 
the Gulf of Mexico opposite the Mississippi down to 
11,400 feet, which contour is about 300 miles south 
of the general coast-line. Hero again the floor of the 
Gulf of ^Mexico exhibits a varied undulating form, 
in one pla’ce showing an exceptional declivity, for 
in the space of 18 miles there is a fall from 3,000 
feet to 10,500 feet, or a grade of 1 in 12'8. 

Sithmarine l^'ormn <{f Panama Batj. — In a 
paper on ‘ The Geological History of the Isthnius of 
Panama ’ ' Mr. Robert T, Hill, describing the sub- 
mariiKi forms of the Pacific Ocean border, says that 
‘the waters of Panama Bay are atj shallow that their 
deepening does not exceed 1 fathom per mile 
until the 100-fathoms line is reac-hed, nearly 100 
miles south of Panama C’ity. This line will almost 
connect Cocalita Point anti (.’ai30» Mala, the two 
points that mark the entrance to the Gulf. Here, 

^ JinUetin of thr. Museum of Couiparativc Zoolotjy^ Hifrvard 
Colletje^ voK xxviii. No. 5, ji. 170. 


a 
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liowGVGr, uliiiost witli tlio ftbiupt Pcitific 

coasts, there is a f^igantic submarine escarpment, 
plunging off into the Pacific to the depth of 1,700 
fathoms or more.’ 

Mr. Hill goes on, further, to remark on ‘ the 
submarine topography of Panama Pay lepioducing 
ill a remarkahle way on the lloor of the Paj’’ the 
topography of the land, including sciV'eral deep 
arterial channels wliich may liave been submerged 
river- vallt‘ys.’ 

Whatever the amount of the continental eleva- 
tion mav have been which these features point to, 
«/ 

the work botli of Spencer and Mill halves a strong 
impression on the mind tliat it must liave been 
very great, and much in e.vcess of anytliing pi’e- 
viously inferred. 

Mr. Hill also giyes ’ some very tnteresting 
information relating to the Paciiic tidi's, contrasting 
their effect with those of the (’aribbean shori'-s, 
where the rise and fall is onl;^' jibout 27 inches at 
Colon, while in Panama it is 21 feet. ‘ The 
impact of this great wave as it beats against the 
Pacific coast creates a powerful erosive force. 
The undertow ai^d flow of tlie. tide has also 
great effect in removing and distributing coastal 
ihihris,' 

Hi(hni(irine If'unns of the Tahintla of Antifjudf 
Guatfelonjtej <0(x — In fbur very interesting <*om- 
munications to the.Geohigical Society of London, 
Professor Spencer describes the ‘ Geological C’harac- 
teristics of the Islands of Antigua, Guadeloupe, 
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Anguilla, and St. Christopher,’ ^ which he has lately 
been investigating in relation to his well-known 
views of the former existence of an Antillean 
tiontinent. He shows clearly that there has 
been during the Pleistocene period an epoch 
when these islands and the platforms on which 
they stand have been upraised not less than 2,500 
feet, and probably much more, and that during this 
epoch the extended land area was subjected to 
excessive denudation. The submerged platforms 
preserve traces of their sub-aerial origin, being 
intersected with valleys forming continuations of 
existing streams. It is also interesting to find 
that Spencer detects evidences of minor oscillations 
of level and equivalent deposits to the Columbia 
and Jjafayette formations of McChu', already de- 
scribed in connection Avith the geology of the 
Atlantic slope. All observations tlie world ov(‘r go 
to proA'e that the lc‘vel of the land with r(‘spect to 
the sea is undergoing continual change, rajjid 
perhaps as regards geological time, but slow as 
measured by our time units. 

Th<*se geographi^*al changes recorded by Spencer 
also confirm the view that tin* Pleistocene forma- 
tions I’epresent a far longer period than was formerly 
supposed. What the contributions of the laud to 
the sea have amounted to during the Pleistocene, 
may bi* appreciated more (‘orrectly when we find 
that in 1880, at St. Kitts, during a local storm 
lasting three hours, a rain-gauge of 80 inches at 

Q. J. G. S„ Nov. 1901, pp. 490- 543. 


1 
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Hasso Terre was filled and overflowed.* ‘ The 
terribly destructive effect of such a rainfall is 
understood, even without adding that the slackened 
currents deposited in the town from 4 to 0 feet of 
mud.’ 

The Great JianJc of Newfoundland * — One of the 
largest sub-aqueous marginal platforms is that 
known as the Great Bank of Newfoundland. The 
area here ein*losed by the 100-fathoms liiui is very 
great, for it not only stretches far out into the 
Atlantic, but is extended along the coast of North 
America as far as South Carolina. 

Iceland . — Perhaps one of the most remarkable 
accumulations of sediment, considering its exposure 
to the Atlantic gales, is that along the southern 
coast of Iceland. Bound the western, northern, 
and eastern coasts the shores are deeply indented 
with innumerable fjords and little inkits, but along 
the southern coast tlui margin of land consists of 
low flats and bars oi fine sand and mud, brought 
down by the many rivers and streams that escape 
from th<i edg(;s of tlui great glaciers and snow 
fields. A contest is continually * waged between 
the Atlantic breakers on the one hand, and the sedi- 
ment-bearing inland waters on the other. Bars and 
spits arti thus thrown up, behind which stretch lorig 
narrow lagoons. For ‘250 miles such is the gtaieral 
character of the coast-line. Since; the Ice Agti, so 
much sand and silt^has b^*(}n carried down tlnit a 
wide stretch of low land has been gained, and the 

' Q. J. a. s'., Nov. 1901, p. .099. 
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sea has become so shallow that for long distances 
only small vessels c.an approach the coast.^ 

These examples might be multiplied indefinitely. 
The submarine coastal margins are all but varia- 
tions of the same features, and it would take too 
much space to describe and discuss them in detail. 

MA»GINATi SUBMAlllNE SHEliVES MAINLY SEDIMENTABY 

It now remains to consider in what way these 
characteristic submarine features have come about. 

That the continental shelf, lying usually within 
the 100-fathoms line, is built of sedimentary 
deposits m.ay bo inferred from the soundings taken 
over it, sliowing the bottom to be mainly mud, sand, 
and other debris of the land. 

There appears to be a certain plane below which 
deposition takes place and above which erosion com- 
mences. This co}iditions the form and regularity 
of the sub-aqueous terrace, and determines that 
when this plane lias been reached the debris is 
swept out and deposited on the seaward border, and 
thus the terrace grows in width. 

At the outward edge of the submerged terrace, 
if the accession of new material is sufiicient in 
quantity and rapidly depositt‘d, the sub-aqueous 
angle of repose will be readied. With this develop- 
ment the debris washed out from the continent 

settles upon this seaward slopcf, and the terrace 

. • 

' Sir Geikie’s ‘ licview of Thoroildsen’s GcologiciU Map of Ice- 
land,’ Naiurr, Fob. 1902, p. 309. 
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kvoiation of kartii structure 

ivrows in widtli in a manner similar to the tipping? 
of an artiticial embankment. 

Tt is clear from the experieiieo of telegraph 
engineers that a sub-aqneous angle of rejmse exists, 
but it must vary aciauxling to the nature of the 
materials and their degret' of saturation. 

]Mud may approach fluidity at the surface and 
bcicome more consolidated with depth, until by its 
own weight it approaclu^ solidity. No doubt these 
mud deposits vary gn^atly in horizontal distribu- 
tion. It is easy now to understand how the sul)- 
aqueous mud-slides, that give so much tro\ible to 
cable companies, comt? about. ^riu' materials 
simply adjust themselves from tinu* to time to 
varying conditions, determim‘d by tht‘ sub-a(jueous 
angle of repose. 

We know that strong tairrents exisit in the 
ocean borders at gr(*at (fei^ths. l^lu*se currents are 
SI ibj ect, like all currents, to changes of direction, and 
during these changes they may cut into and under- 
mine even stiff clay and sand, ^jimilar plnmomena 
have already been described as taking phu*e in the 
J3ay of Ihscay op])osite the coa'st of Spain. 

During the process of submarine terrace-build- 
ing vertical oscillations of lev(‘l may take place, 
such as are recorded in the papers by !McGet‘ already 
referred to. These variations of level would not 

111 The Oriyin o/ Mtntniaiti Itangea, p. 309, I liave saiil that thi' 
tlcposits at thf mouth of the Aiimzons^ire ‘ but a type of what occurs 
all alonj' the Atlantic coast of both Americas. . . . ATart^inal Hexures 
ma.> ha\e takt-n place in the earth’s enist, but tin* Atlantic slope 
beyond the platforms is probably'a slope of deposition,’ 
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destroy the terraces, but add to their number or 
their variety of form. 

Though the areas of rapid deposit lie near the 
coast-lines, the finer material is widespread, and ex- 
tends more or less over the general floor of the ocean. 

The extent of terracing is governed by the 
sedimentary volume borne by the rivers, reinforced 
by materials due to sea denudation, and by the 
length of time the continents remain stable.^ 

In some cases — but 1 think they are few — the 
terra<u^ may be cut out by the horizontal denuda- 
tion of the sea. Any original inequalities of the 
submerged border get reduced to the terrace plane 
b>' filling up by deposition and cutting down by 
denudation, but principally by deposition. 

The deposit that takes place seaward of the 
l()0-fatho7»is line must tend to soften and obscure 
any sub-aerial features that may have been 
sculptured jjrior to submergence. 

In a great inany cases the submariiK' slope may 
be the simple expression of the rate of deposition 
over the 7’espe(‘tive areas. 

If we turji our attention once more to the Gulf 
of Mexico and the configuration of the marginal 
deposits laid down bj’ the ^Mississippi, we may, I 
think, satisfy ourselves that many of the steeper 
slo])es i*epresont the sub-aqueous angle of repose of 
enormous masses of sediment there engulfed. 

’ In a paper on ‘ 'I’ho Gulf of Moxiro^sa Aroasurc of Isostiic.v,’ 
McGco considers that 1 foot of sediment in .S33 years is being deposited 
by the Mississippi in the Gulf of Mexico, mainly in a narrow zone skirt* 
ing the coast {Amvr. Journ. of Science, 1892. July to Dee., p. 188). 
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In iiivestigatiiif^ the nature and depth of these 
sedimentary deposits we labour under the dis- 
advantage of only being able to test little more 
than a surface film, liorings in the estuaries of 
rivers, however, tell ' us that the bed-rock-valley is 
almost universally at a considerable depth below 
the sea, and is filled up with gravel, sand, clay, 
mud, and alluvium.* 

Coatits of Novo Hcotio (Did I^eivfoiDulland . — 
From the outlines of the land bordering the St. 
Lawrence and the coast of Nova Scotia and New- 
foundland it is clear that there has betui consider- 
able subsidence, and, as pointed (Jut by Spencer and 
others, there are evidences of sub-aerially forim.*d 
features now to be found by sounding over the 
submerged shelf. Still further north, as pointed 

^ The* Slime featur4' of a sub-acjifeoiis (b'lta tiucurs a larj.^e scale 
in the lllack Sea, In the norni-westc^rn <'mba\nu*nt a spact* or arc‘ii 
ot about 22,713 square geo^jpapliical milos is enclosed by the 100 - 
fathoms line stretcliiiig from C^ape Kaliakra to Sevastopol. 'I'his area 
receives the drainage of the rivers Danube anil Dnieper, the average 
depth being about 30 fathoniR. 'Hie s(‘n^vard face of the slope from 
the lOO'fathoiiis line is comparatively steep, as it is on continejital 
borders. This enormous area, nearly equal to that of bhigland and 
Wales, is, in my opinion, a plane of deposition, or sub-aipuioiis delta on 
a large scale, combinedly built out by tlii^ two great I'ivers. Seaward 
of this sub-aciueoii8 deltaic slope soundings of 700 to HOO fatlioms 
occur, gradually deepening to a maximum oi about 1,200 fatlioms at 
the eastern end of the sea. 

Another area of deposition occurs oil’ J\ertcli Strait, where accninu- 
lates the sediment of the drainage from tlie Sea of Azov, and again the 
phenomenon is repeated of a shallow sub-aqueous plain and sudden 
seaward slope. 1‘Aerything points to tljo existence of jin emormous 
thickness and area oft deposit of sediment, and if, as Suess maintains, 
t e sinking of the Black Sea area comparatively recent, geologically 
speaking, what an immense vista of geological time does this not open 
out ? In reference to submarine deltas see pp. 85, 86, 8{), and 313, 
Orig%7i of Mountain linufjcn. * 
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out by Israel liussell, similar evidences are to be 
seen. In his own words, ‘ A glance at the map of 
North America suggests that the large number of 
islands into which the land is broken on the north- 
eastern border of the continent is due to a recent 
subsidence.’ ^ 

North-easteru America and Greenland. — Green- 
land again, a land of gneissic rocks and granite, cut 
into deep fjords like Norway, sjjeaks eloquently 
through these orographic features of a former 
('ontinental elevation. At the same time evidences 
of post-glacial subsidence and recent elevation 
are distributed here and there in most of the 
northern regions. Nansen, a£t(jr leaving the inland 
ice, when descending the valley towards Ameralik 
b’jord, on the west coast, noted, where a land- 
slip had oeeurr('d by the* streaiu, that masses of old 
mussel-shells wei<i exix)sed to view, and infers that 
hero again W(5 have proof of geologically recent 
subsideaice and rc^-elevation,- and ho is very much 
impressed with the rapid sedimentary filling up of 
the heads of tfu'se fjords with, the glacial clay, 
mud, and sand lu’ou'ght down by the glaciers. 

Spitzbergeu.and Novaya Z^mlia tell the same 
story, t(jgether with the northern coast of Uussia 
and other lands enclosing the Polar Ocean, which 
is now found by Nanstui, contrary to previous 
opinion, to ho a det*p-sea bAsin. , 

Deposits borderintf the Pota^’ Ocean. — Into this 

' liivrrH of North America, 291. 

* The Nirst ('rossuifj of Greenland, vol. ii. p. 189. 
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basin pour the spoils of the land brought by the 
great continental rivers, such as the Mackenzie, 
the Obi, the Yenisei, and the Lena, with many 
others of less iiiagnitude. No w'onder that the 
Hoor of this ocean and the Barents Sea, where so 
far tested, is found to be all mud or sand. 

The Y^ukoii, one of the largest rivers of North 
America, has a hydrographic basin of about 440, (XX) 
square miles, and the ri)lume of the river, though 
as yet unmeasured, is comparable with that of the 
Mississippi. ‘ 

This river does not empty direct into the 
Arctic Ocean, like the Mackenzie, bnt into the 
Behring Sea, which is shallow and without strong 
currents or tides. 4’he great river lias built mi a 
delta perhaps not less than that of the ^Mississippi. 
Great quantitit's of driftw'liod art> <-arried out to 
sea, and the sedinunit that is not used up directly 
in building the delta is spread over the floor of the 
Behring Sea. 

The Tundra and flic f^herian (U)utiiiental 
Hlielf . — It is unnecessary to go ov'er in detail the 
characteristics of the other *Vrcti(; rivers, but the 
Y^ukon may be taken tis representative. 

There is a vast treeless tract, known as the 
tundra, built up along the shores of the Arctic Sea, 
a compound of layers of frozen silt and intercalated 
dirty ice laid down by the rivers. 

It hardly needs pointing out that the enormous 
land areas draining into the Arctic Ocean must 

* Israel llusscll, Rivers of ^'orth Anirru'a, p. ‘’S.'i. 
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contribute #<reat volumes of sedimentary matter, 
which is being laid down rapidly near to the 
coast. In this way the rivers arc; pushing out 
continental shelves towards the borders of the deep 
Polar Ocean. There is, however, very little accu- 
rate information existent on the subject, from the 
inherent difficulties of obtaining it. 1’he geo- 
gra})hic forms, however, point to a long continu- 
ance of similar characteristics, with minor eleva- 
tions and subsidences, from which we may justly 
infer that the Arctic Ocean has been a sedimentary 
basin for a long period of geologic time. Baron 
Nordenskiold, speaking of the margin of the Arctic 
Sea, says that very commonly a uniform depth 
prevails, amounting near the shore to from 4 to 10 
metres, but increasing seawards gradually, and 
remaining^ unchanged over very extensive areas. 
This is caused by the ice-mud-work, which goes on 
nearly all tht^ year round, lie also refers to the 
discoloratit>ii of the water, at one period of his 
voyage, due to the Ob Yenisei current, which 
made his vessfd appear to sail in cla^'-mud.' 
Nansen also records in these regions the sea 
becoming sudclenly covered with brovv'n clayey 
water, which c ould not be deep, as the track left 
by the Fram was quite clear water ; ‘ it seemed to 
come from a river farther south.’ 

Briftvv’^ood was met vv’ith at Pcu’t Dickson, and 
the river YYmisei floats ^tiuch ^Iriftwood out to sea, 

‘ Votjayv o f thi' ‘ Vetja,' yol. i. pp. 188-89. 

Farthest North, vol. i. p. 186. 
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where, getting waterlogged, it sinks, or it is thrown 
np on the shores of Novaya i!jenilia, the north 
coast of Asia, Spitsbergen, or perhaps Greenland.’ 
Nordenskiold found that the delta of the Lena had 
undergone innch change during a period of 140 
years, so that the maps made 140 years ago were 
useless. Where at that time there were sandbanks 
there are now large islands, overgrown with wood 
and grass. At other places whole islands had been 
washed away by the river.- 

The chart showing the course of the Vega in 
Nordenskibld’s famous voyage demonstrates that 
the waters bathing the shores of Northern Asia are 
very shallow, and that the 100-fathoms line would 
extend out to a considtu’able distance. At no point 
between the Gulf of Gbi and Leliring Straits, on 

the track of the VegOy are ‘there soundings shown 

« 

greater than 100 Tm4ros, while the majority range 
from 10 to 80 metres. 

Speaking of Behring Straits, Nordenskiold 
remarks that an elevation of the land less than 
that which has taljen phwje since the glacial ])eriod 
at the well-known Chapel TIills*at llddeva lla would 
be suflicient to unite the two worlds of Asia and 
America with a broad bridge.'’ 

As is the case with all the other Siberian rivers 
running from south to north, the westtirn strand of 
the Yenisei wherever it is formed of loose earthy 
layers is also quite lojv, and pften marshy ; while the 

* Voyage ofjhe • Vega' 191). 

- IbUh p. 367. 3 Ibid. p. 243. 
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eastern strand consists of a steep bank, 10 to 20 
metres high, which north of the limit of trees is dis- 
tributed in a very remarkable way in pyramidal 
mounds. 

Numerous shells of .Crustacea found here, 
beloiif^ing to a species which still live in the Polar 
Sea, show that at least the upper earthy layer of 
the tundra was deposited in a sea resembling that 
whicli now washes tlie north coast of Siberia.^ 

Here, as elsewhere, though perhaps in a more 
instrucjtive form, we have recrords of oscillations of 
level, the last of which evidently has been a small 
rise of the land.- 

Jdrohatde Hxifitrnce of /Inried Hirer- Valleys on 
the Arctic Sea /jorder.— To one who has studied 
the subject of buried river-channels this area of 
Northern Kiberia and the sea Hoor beyond x^resents 
the sort of conditions that would lead him to 
susxjcct the existence of buried valleys channelled 
out during former contintuital elevation, and now 
obscured by a mantle of clay, sand, and mud. 
Whether boring^ will ever come to be made in this 
inclement country th’at will prove or disprove this 
theory is very doubtful, but soinjdings may perhaps 
ii\ the future tell us more of the floor of the sea 
than is at xn*esent known, and so help the solution 
of this interesting XJroblem. 

Movetnr.nts of Klevation and, Ide.pression in 
' Voyage •>/ the ‘ Vrgit' p. STS. • 

■-* Nansen says tliat Hncky Island, off the coast of Siberia, on the 
Kara Sea, has specially marked shore lines indicating the former level 
of the sea {l^arthest North, vol. i. p. 145). 
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Northern and Central Asia. — Prof. C. P. Wright, 
one of the latest observers of the physical features 
of Northern and Central Asia, in a coinniunication 
to the ‘ Quarterly Journal of the (leological Society ’ 
in 1901,* considers there are evidences over large 
areas of c‘Oinparatively recent subsidences of the 
continental land. In Manchuria he finds that the 
troughs of all the streams are very old, and show a 
recent depression of Ihe land, resulting in an 
extensive filling up of the channels. 

The Amur, he thinks, has many points of resem- 
blance to the St. Lawrence, and that there are 
abundant indications that the whole drainage of 
the Ijower Amur basin has been obstructed by a 
recent differential subsidence. Lake Baikal is 
completely surrounded by mountains, exet^pt at 
one narrow depression^ through which the Angara 
River carries off its surplus water. Its surface is 
1,/>G() feet above the sea, and its soutlnu'n portion is 
4,500 feet deep, or 2,940 fi'et below sea-level. Its 
comparativ('ly recent origin can be inferred from 
the fact that it is jiot filled with sf'diment brought 
into it by the Selenga and oth'eV rivers, all of which 
have in their long (.a^urse through the central plateau 
eroded valleys several miles wide and of great 
depth. As has bt.‘en frequently poinhal out, it is 
inhabited by a species of seal closely allied to 
those found in the Cb^silian. These facts, together 
with the terraces r«cordeU at T’rebizond, on the 
Black Hea, at a level of (550 feet, Mr. Wright thinks 

* Vol. Ivii. pp. ‘244 50. 
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aro indubitable evidence of a former subsidence of 
continental i^roi)ortions. We may add that they also 
show as the latest phase a considerable re-elevation 
of the land. 

Mr. Wright also observes, in rcdatioji to the 
active denudation of the continental surface now 
in progress, that on approaching the western shore 
of the Y(‘llow Sea one crosses, 40 miles out, a sharply 
cut line, on one side of which is (dear sea-water, and 
on the other watcsr turbid with silt gatln^rod by the 
rivers from the l<>ess-fields of China. 

The Soufh-J^Ja.sfern Coast of Asia^ Japaii, and 
the ^loldijdii Archipelago. - - l^roni the Ganges along 
the c(jast of Burma, Siam, Annam, and (Jhina, to the 
mouth of the Amur and Sea of Okhotsk, numerous 
great rivers and innumerable sjualler ones are 
carrying tiieir (|uota of sediment to widen the 
continental margins, and are building up strata 
now which in coursci of geologic time will doubtless 
become heated, compressed, and latcirally folded 
into great mountain chains. 

When we tak^ into consideration the numerous 
large islands, sucli a‘s' Japan and Bormosa, off the 
Asiatic mainlamj, and the tropiciil group of islands 
forming thtJ Malay Archipelago Sumatra, dava, 
Borneo, the Philippines, and New Guinea — almost 
connecting the continents of Asia and Australia, 
this largo area is probably one which, through rapid 
disintegration of the rocks and ttie wash of tropical 
rains, combined with volcanic ejectamenta, is 
(contributing more sediment to the formation (^f 



114. EVOLl’TION OF KARTII STRUCTl’RK 

future continents than any other equal space on 
the globe. 

Wallace, in his classiciil work on the IVfalay 
Archipelago, observes that the expanse of sea 
which divides the islands of Java, Sumatra, and 
Borneo from each other and from IVtalacca and 
Siam is so shallow that ships can anchor in any 
part of it, since it seldom exceeds 40 fathoms in 
depth.’ 

The Tin'll pjJi'nes a ml (\^lebes. —^Iv. George B. 
Becker, in his reptirt on the Geology of the Philip- 
pine Islands," calls attention to the many existing 
evidences of Pleistocene variations of level to be 
seen in these islands. He says : ‘ Physical evidences 
that the islands are rising at tin' ))resent time, or 
have been rising within a few years, abound from 
one end of the group. to the other. It rs also c.h'ar 
that the amplitude of the movement has been very 
great.’’’ The rect'iit plains, which form the most 
valuable and thickly settled ]i()rtion of the islands, 
are in largo part ‘ arc'as of marine denudation and 
deposition, outer portions of the co'kitinental platt'au, 
which have betai lifted abdVe the watc'i-level in 
very r(*c(mt tiinos.^ ‘ Further evidences of movt*- 
inent art^ recorded in the ‘ high terraces, as well as 
low ones, abundant throughout the islands. . . .’ 
This part of ‘ C’(;bii must approat-h ‘2,0(X) fet^t in 

^ r. 9, 1890. • 

- Tivenhj-Jirst Annual Rrpnrl of the ir.S. Sarrrn, 1S99-1900, 
1 art iii., ‘ Ooneral i’hoHphato llcpo-sits, I'hilipiiifies.’ 

» Ibiil. p. 77. ^ p. 7G. 
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height, and is scored by a vast number of terraces, 
all of which are sensibly horizontal.’ ‘ 

Those islands, it may bo here remarked, ‘ lie 
along the edge of a vast subniariiie precipice, or, in 
other words, at the very abrupt limit of the con- 
tinental plateau.’ Klsewhere Mr. Jiecker speaks 
of the eastern edge of the continental plateau 
being outlined by submarine cliffs, and a reference 
to the map (PI. liXYII.) will show that the plateau 
on which the islands are based is not submerged 
more than 50 metres. Doubtless tliis has been 
largely built up by sediment. Tt is very instruc- 
tive to s<‘e that there are ‘ deeps ’ in this plateau, 
ojie of wliich reaches no less than 8,201 metres, 
proving ])lainly, what is here so frequently insisted 
upon, that the sea bottom is very diversified in 
its topography. Nor must wo lose sight of the 
fact that tin.* bast' rock of the Philippines con- 
sists t)f (*rvstalline schists, notwithstanding that 
volcanoes abound, so that then' would be less 
justification here for the usual explanation, that 
such irregularitie’s of bottom are due to vt)lcanic 
action. 

Celebes, an island lying diie south of the 
l^hilippines, exhibits signs of recent elevation and 
depression. A raised beach can he traced at 
heights of 90 feet above sea-level, and in other 
]3lac;es subnieig(‘d forests are found.“i 

iWtiuie. Mny ^ol. Ixvi. p. 3. 


' r. 79. 
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CHAPTER VII 

THE DEKPS OF THE OCEAN 

W ITH the increase of soundings the oceanic 
floor assuiues an iinsnspected variety in its 
form and configuration. 

In studying tlie ‘ deeps,’ which are concave 
d.epressions or troughs sinking down hcloio the 
general floor-level of the basins in which th(!y 
occur, this result of recent investigations must 
be kept steadily in view. 

The forms or promiiKinces rising" a bare the 
general oceanic floor-level approximate to land 
forms, and lend colour to the view that the Mid- 
Atlantic was once an t‘xteKsive and diversified 
land area.’ 

It seems inde’ed to be trayelling out of the path 
of probability to assume tliat the Atlantic sub- 
merged ridges Jiifd the varying -gradients of the 
Atlantic bottom are duo to submarine Vfdcanic; 
action alone. No fa<^ts of geology lead us to draw 
such a treiiKuidous inference. It will be sliown 
bofoie tlio coitipletion of this chaptt'r that the 
<aibic. content oT thesb submerged ridges is 
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enormous, and they arc probahly as enduriiif^ 
features of the globe as either occJins or continents. 
There is an ever-increasing mass of evidence point- 
ing to a former greater elevation of the continents 
than what now exists. ' 

Dr. Bpencer has done much good pioneer work 
in this direction ; and, though we may not be 
able to adopt his views to their full extent, lie 
has certainly aroused the geological world to un- 
suspect(?d possibilities. In connection with this 
question the discovery by the Deep-Sea Sounding 
Expedition already mentioned of the hibhey J)eep\ 
in bit. 40° N., long. 08° \V., 8,818 fathoms ; the 
Hiyuhee in lat. 40° 11' 51" N., long. 50° 51' 

80" VV., 8,045 fathoms ; and the TJionlcf in 

bit. 40” ‘25' 80" N., long. 58” 52' \V., 8,100 fathoms, 
is most interesting. These profound depths of the 
ocean exist within a distance of about a couple of 
hundred miles of the 100 fathoms platform on 
which Nova Scotia stands, the bordering continent 
being a very old land area long free from volcanic 
phenomena.. 

As facts accitmulate we may expect tht'se rigid 

views as to the uinilastic character of the con- 

• • 

figuration of the sea floors to be rudely shaken. 

DiHtuu'tiou hetwve.n Hiih-Oceanic and Laud 
FontiH.- -So far as we at present know, one of the 
main distinctions betweeif the form of the ocean 
floor and that of the- contyieiftal land is the 
existence in the oceans of great x depressions, or 
‘ deeps ’ as they are generally called. 
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Dana has treated of these, but necessarily in an 
incomplete manner.^ The method he adopts is 
largely that of inferences from analogical geographic 
forms, and the conclusions he comes to are mostly 
of a negative character. 

Ill considering these continental and oceanic 
problems it is necessary to remember that the 
oceans occupy nearly three-fourths of the total 
area of the surface of the globe and the land but a 
little over one-fonrth.- 

The continents are thus protuberances rising 
through the waters. It follows as a geometrical 
truth that, the volume of the ocean waters remain- 
ing constant, the larger the area of land at any 
given period the deeper must liavit been the 
oceans. 

That is to say, the average depth must have 
been greater with every contimnital aceretion and 
shallower with every continental reduction, always 

assuming that the surface area of the globe does 

•• 

not vary.-^ If w-e look upon tlie continents as I)ro- 
tuberances u23on .the Kj)heroid aifd the oceans as 
depressions beneath it, we shall’, iii my oj)inion, take 
a correct view of Jiheir relations. . If, further, the 
continental iirotuberances are due to increase of 
volume without variation of mass, as suggested in 

' ‘ On the Griffin *4’ tlio J.)eep Trou^lis of the Oceunic F>ei>ros.sion : 
Are they of Volcanic (^ri^in ? ’ (Am. Joar. o/ 1880, Jiiiiuavy 

to June, p. 102). t * . 

Ilerschel ^i\ e.s tj.c dry hind as 51 iinllion square statute inilos, and 
146 million square miles as tlie/^\tent of surfsu*e oecupied by the o<*oan. 

bojne f^eolo^ists maintain that tlie v<ilume of water ihu*tuates. 
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Chai)ter I., and the ocean basins are due to decrease 
of volume without variation of mass, we have an 
instrument of investif^ation that will enable us to 
unlock some of the mysteries of the genesis of the 
larger geographic forms. 

Ocean Haains and their Deeps, — The ocean 
floor, according to most oceanographers, is divided 
into sej)arate irregularly shaped basins, which, when 
in the proximity of land, bear decided relations 
to the bordering continents. Within these large 
basins here and there subsidiary basins, or the so- 
called ‘ deeps,’ have been proved to exist, and their 
numbers are being added to year by year as the 
abysmal dei^ths of the ocean are explored by the 
sounding line. Among the deej)est of these troughs 
is one off the north-east coast of Japan of 4,055 
fathoms, found by the United States s.s. T uscarora . ; 
anotlier of 4,475, south of the Ladrone Isles, dis- 
covered by the Clialleiujcr ) and one of 4,5()1 
fathoms, north of Porto Hico, found by the United 
States steamer lHahc. Jjater, the JCfjeria, under 
the connnand of (.‘aptaiu Aldrich, Ji.N. (1S88), 
during a cruise and ‘search for report(;d banks to 
the south of the Priendly Islands, obtained two 
very deep soundings — one of 1,‘295 fathoms, the 
other 4,430 fathoms ; the latter in lat. 24 ' 37' S., 
long. 175'^ 8' W. ; the other about twelve miles to 
the southward. ‘ Thest^ depths are more than 1,000 
fathoms greater tlian any before ^obtained in the 
Southern Homisplierc.' The gresfttest depth yet 

‘ Nature, X ovoiubt'i: S, 1888, p. 89, vol. s\xix. 
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Alex. Aj^assi/. The U.S. explorinj; vessel Hero got 
a sounding of 4,47o fathoms near the island of 
Guam, wliicdi record was soon after broken by the 
CT.S. Fish Commiss^ion . steamer AlhdfroHH with 
another in the same basin reaching 4,81 d fathoms. 

Ill tht‘ Tonga- Kermadec Deep, near Toiigatebu, 
the AlhtitroHH got a sounding of 4,540 fathoms. 

These deptlis are {Statements of actual facts 
which are recorded on the Admiralty charts. Oceano- 
graphers naturally go further than this and attempt 
to give approximations to the size and form of the 
basins in which they are situated. 

44iere is a good deal of divergence as wa>ll as 
a rougli general agreement in the hypothetical 
contours of tliese grt‘at depressions in the ocf'an 
bottom. I shall not myself attempt tofc give one 
more version, and will wait patiently for further 
knowledge. In the meantime 1 rider iii^’ readers 
to the ‘ Tunes Atlas, 18UH,’ (Charts and VT., to 
show what is inferred as to tin* extent and form 
of the ‘deeps’ of the North and South Atlantic 
Oceans.’ The following is a dfescriptive account — 
Commencing with the South Atlantic, we have 
opposite the mouth of the Rio de la Plata, atadis- 

In addition to tho Admiralt^y cliarts in which the aouiidinga are 
given witliout inferential contours, the following arc among the 
bathyiuetrioal charts that iiisiy Ij© consulted : Thaliiit»o, by John .fames 
Wild, Plates ii. and iiL, 1877 ; ‘On the Origin of the Deep Troiighs of 
tho Oceanic Oopressiohs : thcy*qf Volcanic Origin ? * by James J>. 

aini {Anivriran Joprnnl of Scirvee, vcd. xxxvii., 1889, plato vii.) ; 
at juQftiical ( hai\ of the Oceans, showing tho ‘ Oceps * according to 
bir John Murray (John Bartholomew & Co., Kdinburgh). 



GEOMORPHIC CHANGES 


121 


tfinco of about JJOO miles from the coast, an nmiamed 
deoil of 10,802 feet, and further east a lar'^er trougli 
of 18,400 feet, and about halfway between Buenos 
Ayres and ('ape Town another of If), 009 feet. 
Then olT the coast of Brazil we have a trouf^h of 
very largo area having a depth of from 10,0(K) to 
19,000 feet, but east of the island of Trinidad there is 
a sounding reaching 19,705 feet. Due east of this 
is a large depression called the West African Basin, 
about 400 miles from the mouth of the Congo. 

There is a small area of deprtjssioii about 500 
miles east of the mouth of the Amazons having a 
depth of 17,878 feet. 

Thtni it is not till we get to the West India 
Islands tliat any great depression is met with, but 
lua'e the area of depression is very great, and in the 
Virgin Islands Deep reaches a maximum of 27,506 
feet and in the V est Indies Deep 22,950 feet. 
This ])ortion of the globe is a great area of depres- 
sion, and it is here that Dr. Spencer finds his 
great continental problem, already to some extent 
discussed. T^orth of this another great area of 
depression called tile North Atlantic; Basin, with 
a very dce]3 subsidiary depression about GOO 
miles south-east of lh)ston, reaching 22,200 feet, 
and two others, one occurring between New York 
and the Canary Islands, of 21,000 feet. On the 
eastern side of the North •Atlantic is a very long 
irregular trough following roug^ily |he African coast- 
line called the (Jape Verd Basin Joining on to 
another irregular trough which curves round towards 
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the east and ronf?hly follows the land forms or trend 
of the African and Spanish coasts. The soundings 
are from 10,000 to 1S,(M)0 feet, with two small 
depressions of nearly ‘20,000 feet. Finally, there is 
the Eastern Azores Trench, midway between Lisbon 
and Halifax, havinjjf a depth of over 17,000 feet. 

As showing how small is our knowledge of the 
ocjeaii bottom, the preceding lines had not long 
been written before it was announced that the 
Behfica expedition had discovered a depression of 
4,040 metres to the south of Staten Island (South 
America) and a continental plateau extending south 
of the 70th paralhd, both discoveries tending to 
confirm the principles laid down in this nuunoir.^ 

Of the Polar Sea wo have less inforination than 
of the Atantic, but Dr. Nansen has provt‘d that it 
is a great basin of depression jiorth of Spitsbergen 
and north-east of Franz Josef Ijand of d(*pths 
varying from 400 metres (1 ,800 fathoms) to 8,000 
metres (2,100 fathoms) in the d(H‘i)est 2 )laces 
sounded,- and this is an area that was supposed to 
be under lOO fathoms, a mistaken generalisation 
from a previous sounding of-80* fathoms by the 
Jeannette. 

• • 

Boat t ton- of JJi'fjis (JO vet' net! htj 'I'rend of (J(ni>it 
Jjinefi . — Broadly speaking, it is noticeable that the 
position of these oceanic^ troughs s€*ems to be 
governed by tlu; tnmd of the continental coast 
lines. Instead (K b<jing afi;ange<l akmg the central 
areas of the Boj^h and North Atlantit*., we Ibid this 

’ Nahtrr, July 4 , 1901 , p. 238 . * North, vol. i. p. 410 . 
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central space occupied by more or less continuous 
ridges, their alignment being also apparently 
related to the trend of the coast lines of the conti- 
nents on either hand. These ridges and plateaux 
lie generally from 8,000 to 12,000 feet below the 
surface of the ocean, and form the base upon 
which the oceanic islands such as the Azores, 8t. 
Paul, Ascension, and Tristan d’Acunha stand. 
There are also submerged peaks and shoals which 
with further soundings would no doubt be vastly 
increased in number. 

It is noticeable in the North Atlantic that the 
outlines of the ‘ deeps ’ and the (;onliguration of the 
bottom and of the plateaux se(*m related to the 
general form of the oceanic basins and the sur- 
rounding continental land forms. 

We h{>ve s(‘en that careful and fre(pient sound- 
ings, such as were taken under th(^ supervision of 
Air. Peake, between Great Britain and the Azores 
to North America as already described, result in 
showing that these contours of the ocean beds, 
though ap])roximating to the g<incral actual form 
of the ocean llooi*, are very far from discovering to 
us the serried c^onliguration which really exists. 

RinOKS ANT) I'LATKAl'X OK THK NOimi AND SOVTH 

ATLANTK’ 

Booking at the forms brbadly, and omitting the 
innumerable minor breaj\!s and^-hanges of gradient, 
1 think an impartial examination v'f the informa- 
tion con^'eyed by the soundiiigs will prove that, area 
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for area, in the North and South Atlantic there is 
a greater diversity of form, with greater heights 
and greater deeps, below the oceanic waters than in 
the surrounding continental land. 

Koughly speaking,' in round figures, we may 
say that the ridges and plateaux already described 
lie from 8,000 to 10,000 feet above the great 
oceanic troughs such as the lhazilian and North 
Atlantic Basins and l^jOlX) above the greater 
depressions or deeps. This elevation approaches 
very clost'ly tliat of the Tibetan plateau of (.’entral 
Asia and the South American high plateau, while, 
if we take thc^ Azores and similar islands as the 
summits of probably submerged mountains, whether 
they be volcanic; or otherwise, we find [X'aks of an 
altitude to rival the Himalayas. 

Onc' of the latest attem])ts to estimate the 
mean heights of the continents above* ocean level 
is that by Sir .John ^Murray, the results being as 
follows : — 


Europe 

. 089 feet 

Asia . . 

. 8,189 


Africa 

r-2,l)‘2l 


North Aii^erica. 

. I,8ii8 


South America. 

. 2,078 

>> 

Australia * 

. 805 



It seems prcitty obvious that if we drew a plan 
at the 18,000 ^et^bathymctric*al contour line to 

‘ On tho Ilcjifrl.t of tlio [.and and tho of tlio Ocean,’ i*ea<l 

before tb© Royal Society of I'bUnbnrgh, I)<?ceiuber 1‘J, 1S87. 
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represent a hypothetical retreat of the waters to 
that level we should have in the present oceanic 
areas of the Atlantic a central strip of land 
following the now submerged ‘ ridges ’ which would 
efjual at least in mean heiglit'that of the continent 
of Asia. 

It is not my intention to follow up this 
description of the conliguration of the Atlantic 
bottom with one of the Pacific. 

The area is so very much larger, and the 
amount of information so much less, that any 
a.ttempt to portray the sub-oceanic forms would bo 
in the highest degree hypothetical. Deeps exist in 
it, some of which I have mentioned, and in some 
cases these* are situated close to the laud, as in the 
ocean trough east of and parallel with Japan. 
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CHAPTER vnr 

COXTlNEXTAf. TROMINKNCES NOT 'lUH RESULT OE 

FAUr.TINO 

I T is held by sonic, notiiblv hy Siioss, that the 
ocean basins are the result of subsidence by 
fanltin,t(, and that the continents owt* thejr 
proniineuce mainly to their foundations having 
remained solid through earlier consolidation. 

In none of tin* featurt*s of the Earth which I 
have so far describ(*d is there evi<h*iK*e ]n)inting to 
faulting on su<-h a scab* as is re«juired. by this 
hypothesis. 

If it were true that faulting has outlined the 
continents, surely some striking evidenee of its 
existi*nce would have be(*n discbvert'd on some of 
the continental m^argins. ()ji tlw^ contrary, as 
previously pointed out, the iriUrginal features are 
more often traced out bv mountain chains. 

Then again, so lar as our prt*stjnt knowledge of 
‘ deej)s ’ enables us to judge, tln*y are simply 
concavt! sinkings in the oct.*an bottom such as 
would be produced by the shrinking of matter of 
the Earth in a below tln^ concavity. Such 

depri^ssions, tho^^ilgh more strikingly fre(]U<*nt in tin* 
submerged portions of the crust, are not a.ltogeth(*r 



(iEOMORPlflC CHANGES 


127 


absent on the continental land. The Mediterranean 
Sea, the Black Sea, the Dead Sea, the Casinan 
depression, and Lake 33aikal are analogous if not 

precisely parallel phenomena. 

* . 

nAlUJKR FEATUKKS OF THE EARTH NOT DlJp: TO 
DIFFERENTIAL SHRINKING OF THE SPHEROID 

The more the gijological phenomena and 
geographical features of the globe are studied, the 
more diflicult it becomes to (‘.xplain them by a 
differential radial shrinking of the spheroid. 
Their complexity is too great to admit of so simple 
an oxp(*dient leading to a true solution. In the 
iirst place, as I have freqiKuitly xiointcd out — and 
no one, to my knowledge, has attempted to deny 
it - the crust of the globe is proved by geological 
evidence <of the most convincing nature to have 
been subjected at times to compressive, and at 
other times to ttmsile stresses. Tins has happened 
again and again, over the same areas, the com- 
pressive stresses, producing folding and ovcrthrusfcs, 
the tensile nornuil faults. 

The shrinking-globe theory only provides 
continuous conipr(‘Ssiv(‘ forces and gives us no 
explanations of normal faulting ; nor has such an 
explanation, to my knowledge, been formuIat(‘d. 

Again, if what 1 have already written is a 
true account of the conthumtal and subaqueous 
phenomena as exhibited in j-ai^al la'aches and 
drowuied valleys, the continent;! ^ land has been 
subjected at one tim<; U) absolute elevation and at 
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another to iibsolnte depression — that is, it has 
oscillated about a mean spheroidal figure. According 
to the theory which ascribes ocean basins to suc- 
cessive differential subsidences, there have been no 
regional uplifts, the ’ elevations of the Earth on a 
continental scale being merely relative. This 
appears to be the view taken by Suess. If this be 
so, how can the existence of former elevation and 
former depression in the same laud ar(‘a, of which 
we have the most convincing evidence, be ex- 
plained ? 

According to the views advocated in this work, 
not only have theix^ been repeated continental up- 
lifts and depressions, but the ocean floor, with its 
irregular loads of sub-oceanic ridges and peaks, 
has also been subje(;t to vertical oscillations of 
level. These fluctuations bring into action a dis- 
turbing element as regards the sea-level in relation 
to that of the land. If at any time a regional rise 
of the ocean floor took place without a comp(!nsatiiig 
depression elsewhere, the sea would gain ii[)on the 
land. If, on the , contrary, a depix^ssion of a large 
area of the sea bottom set in without an e(piival(!nt 
rise elsewhere, the ocean waters would b(' drawn 
away from the land. It is this that <.‘omplica.tes 
the consideration of the relation of the land to the 
ocean. I’here is, however, this difference to be kept 
steadily in view : the effect of a rise or fall of the 
oceanic waters \\t)ul^l be \vxj»rld-wide and affect more 
or less the whole marginal land of the globe. 

May not this, as already suggested, help us to 
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account for the drowned river valleys, the evidences 
of which, seem to be so universal ? The hypothesis 
that in the main the irregularities and configuration 
of the Earth both above and below the ocean are 
altogether dn€> to differential subsidences labours 
under this serious difliculty. We have seen that 
there are unmistakable evidences, in the existence 
of marine tc'rraces from the present sea-level to over 
a thousand feet above it, of the former presence of 
the sea. To account for this phenomenon on the 
subsidence the(jry we have to postulate a subsidence 
of the ocean bottom or of part of the continental 
laud on a truly colossal scale. The whole of the 
oceanic waters have to be withdrawn into these 
chasms, that the terraces may ai)pear at the levels 
w(5 see them ; and when we consider that drowned 
river valleys are an tsven more universal phenomenon 
than marine terraces, we have to assume that the 
o<*eanic waters at a former period were even at a 
lower level than at pres(mt. Thus, to acc ount for 
these phenomt'na, we recpiire at least tw’^c.) encn-mous 
disturbances of *the oceanic level ; but here our 
difficulties only bc'giil, because geology tells us that 
these plienomt‘n;L have been repeated times wuthout 
number. 

That no such disturbance's have taken pla(*e we 
may feel assured. Nature woi'ks with economy 
andiiot in this extravagant fashion. The enornmus 
contraction of the Earth’s radii^i whi(*h is invedved 
in this theory has, T think, not been considered. 
Of such a ctontraction we have no evidence either 

K 
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inductively or deductively. In this connection it 
will be well to read Chapter XI. of the ‘ Origin of 
Mountain Eanges/ which will render it quite un- 
necessary to repeat the arguments here. It will be 
seen that the theory advocated in this w’ork — viz. 
that of regional subsidences and elevations— in- 
volves a much less expenditure of mechanical 
energy. 
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CHAPTER IX 

CHANdK OK FOllM HY EXPANS fON AS AN ELEMENT 
IN MOUNTAIN ]5UILDING‘ 

‘FNTIWJJUCTION . — Some critics of my theory 
of the orij,aii of mountain ranges appear to 
hav(} strangely lost sight of one of the essential 
principles upon which it rests. This seems to 
have arisen through their attention having been 
too much engrosi^ed with what I have said on the 
subject of cubical cr voluniinal expansion. 

In my original work it was shown that the 
calculations of the earlier investigators on the 
vertical lifting of a given thickness and area of 
the earth’s crust by a given rise of temperature 
must be multiplied by three •fco arrive at a correct 
result, as they omith'd t( cons|der the expansion 
in two horizontal directions at right angles to each 

’ The sabstanco of this (’haiitcr appeared as a coiiininiiioation to 
the (jevlogiciil Magazine in August 189a. • 



132 


evolution of earth 


strit:tl’re 


other, confiniii<,^ thoir attention to linear expansion 
in a vertical diiection. lint, while calling? attention 
to this oversi^^ht, it was c;ertainly not iny conten- 
tion that (*xpaiisi(ni would alTect the strata of the 
earth’s crust like the expansion of wat(‘r in an 
inoxpansiblo vesstd. 

The eft’ect of expansion on a solid material lik(‘ 
the earth’s (*rust by differential heating is to set up 
stresses and strains, which relieve themselves in 
the direction of least resistance', and in doin^j^ this 
init'rnal movements and change' of form ensue. 
A change of volume of a section of the earth’s 
crust therefore involves internal movement, distor- 
tion, and change of form. 

This principle T illustrated by (‘xperiments on 
the ridging up produeed by heating slu'cts of lead; 
by the distortion of a sheet of zinc and a slieet of iron, 
riveted together, and placed in an ordinary ov(‘n ; by 
the well-known wrinkles and folds that occur in lead 
gutters, lea-d-lined baths and itiinks ; and since, by 
the jiermancnt expansion whi<‘h frequently takes 
place in terra-cotta copings o'f walls through 
dilTerential heating by the sun’s rjiys.’ 1 could 
add cojisiderably to this list, biit* it is sullicient 
for my present purpose. 'riie ridgings up and 
distortions were? sliown in all thcise ctises to bo 
tht! cumulative result ^of compi'essions and tensions 
set up by successive expansions and (;ontractions, 
due to alternations of temptirature, <‘nding in the 
case of a sh»et in a. permanent extt'usion, which 

(mrol, Dec. III., vol. v. |jp. 20, 27. 


I 
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is compensated for by folds or wrinkles, or in the 
case of a bar by lenf^theninf'. 

Applyin^( this princijilo to the probable eifect 
of changes of temperature in the earth’s crust, T 
showed that the strata of which mountain chains 
are composed have a wide areal extension, as hi 
the plains of Russia, which arc composcid of the 
Silurian and other rocks involved in the Ural 
uplift. The same principle was shown to hold 
true with the Appalachians ; and later I ha’s e 
called attention to Jlritish geology as teaching us 
a similar truth.' These strata, out of which 
mountain ranges are evolved, may be considered 
as wide and (‘xtended sheets almost paralleled on 
a small scale, tixcej)tiiig for the variable thickness 
distinguishing geologic deposits, by the sheets I 
experimentcal upon. 

Without, howevtu*, considering the Cannes of 
changes of temperature in the earth’s crust- - 
which 1 have treated of elsewhere — it is suflicient 
for our present purpose to accept the fact that 
profound changes do occur. 33eginning with Hut- 
ton and Playfair, I can think of no geologist who 
has written upon the subject of metaTnorphism 
and geological dynamics wlio fails to call to his 
aid, in some form or other, the eifect of heating 
upon the sediments which compose the rocky 
covc'ring of our globe. * 

If it bo assumed, then, that a great sheet built 

‘ ‘ IJritisli Gc'ology in relation to T^arth-folcHiig and Faulting’ 
(GvoL Dc?c. vol. ii. pp. 557-65, reprinted in this volume). 
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Up of various strata of sedimentary origin, with, 
perhaps, intercalations of ashy and igneous beds, 
combiiiedly reaching in places thicknesses measured 
by miles, is by slow degrees subjected to lluctuating 
increases of temperature, it is evident from the 
illustrative experiments referred to, and the further 
experiments to be detailed, that not only a linear 
vertical expansion will ensue, but that the hori- 
zontal expansion, as much greater in proportion 
as the areal extent is greater than the thickness, 
will produce, hy small increments and minor alter- 
nations, a creep, ending in an anticlinal fold in a 
position determined by several (conditions. 

It is thus seen that an actual movement or 
displacement of material proportionate to the 
amount of expansion has taktui place. 

The exc(‘ss of the material of this .compound 
sheet, or what may be called thti strata -plate, ov(‘r 
the space it originally occupied is disposed of hy 
a heaping up, by folding, along a line of maximum 
pressure or least rigidity, /h this way a per- 
manent feature in tins form of a fnld is built up 
upon the earth’s crust, which -may bt‘ increased 
in amplitudii by future expansions, but which will 
remain unaffected by any succeeding contractions 
of the strata-plate. 

Let us now consider how a deficciency caused 
by a contracction of the strata-plate can be com- 
pensated for. I h£^|VC shown in my original work 
that it may be met, in the case of small con- 
tractions, by Vvhat T have calked compressive ex- 
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tension, which is a lengthening of the strata by 
compression due to the weight of the overlying 
strata going on pari with the contraction 

due to a fall of temperature ; so that, instead of 
separating by fissuring, the strata are made to 
continually occupy the same superficial horizontal 
space, while, at the same time, becoming thinner 
by compression. As the greatest exx^ansion takes 
place at the base of the deposits, or in the under- 
lying crust, there is, in most cases, a load sufficient 
to act upon and mould the contracting bed, and 
in this way convert horizontal into vertical con- 
traction, the rigidity of the strata and power of 
conveying lateral thrust being at the same time 
preserved. Therefore*, in th(i case of a general rise 
of temperature of the strata-plate, but with minor 
fiuctuatioiis and falls of temperature, the effect of 
every rise, however small, will - -whether the com- 
pensation be by comxiressive extension or by minor 
faulting and keying u]) -tend to still further 
lengthen the strata and develop the anticlinal 
fold, or to add to it other jiarallel anticlinals, until 
a complete folded range is finally formed ; or, as 
in the more extreme cases, such as the Alps, a 
central core or a series of ellipsoidal domes of 
gneissic rocks is forced up from below, throwing 
back the folds in fanlike forjii, and further com- 
pressing them. Certain secondary effects may 
follow, such as the folding and formation of foot- 
hills by the gliding of the upper beds down the 
sloping flanks of the older beds ; but it is un- 
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necessary for me to dwell upon thciin here, as 
iriy object is to enable those who have not yet 
done so to ^rasp the idea of successive cuinnlative 
expansions, as I conceive them to have acted in 
the building up of mountain chains. 

But these expansions, caused by a general but 
lluctuating rise of temperature, diminish, and 
finally cease, by the dying out of the caust* 
producing them. Tn the absence of compression 
no more folds are initiated, nor is the amplitude of 
the old folds increased. M(‘antim(‘ the eviT-active 
elements in the form of air and water are busy at 
work, reducing and carving out of these folds, 
domes, and ridges the mountain forms and scenery 
we ai*e familiar with. Thus the cycle of change is 
completed, and the brokeu-up rocks are returiu'd 
as detritus to the sea. 

A general but lluctuating fall of teui])erature 
now sets in, and the rocks composing wliat 1 have 
called the strata-plat(‘ contract. Tliis contraction 
can only be mot in oiu^ of t\\*o ways — eitlun* by 
stretching or lissuring, Iji their nature rocks are 
incapable of stretching by teiniian, exct^pting it be 
in a very minor degree, and <'ompressive extension 
could only partially com])ensate for the profound 
changes of volume which take place. No doubt 
the strata-plate will be eaten into, and underlain 
to a considerable extent, by scmi-molten matter 
in a plastic condition ; and the shrinkage of this, 
combined with the regular* shrinkagt' of the non- 
homogeneous fiiaterial'of the sedimentary strata. 
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must inevitably initiate fractures. These fractures, 
we know, take tlie form of two series of normal 
faults, each of which has a more or less definite 
direction and parallelism, and are classified as 
strike or di}) faults, accordiiigly as they roughly 
follow the strike or dip of the strata. The volu- 
minal contraction of the strata-plate is met by 
the sinking of wedge-like blocks of strata along 
and between these lines, m*, rather, shear planes 
called faults, and the earth’s crust thus remains 
solid by kc'jdng up. In adapting themselves to 
the voids these blocks are continuously or inter- 
mittently sinking, and certain secondary folding 
along a large fault often occurs. This is fully 
explained by tluj fact that the strata nearest to 
tht‘ earth’s surface shrink least, so that the wedge, 
in adapting itself to the void below by sinking, is 
often in compression in the upper layers, which is 
met bj’- the turning up of the edges of the strata 
against the fault-plane. 

That this succession of events takes ])lace in 
nature can be re^adily settled by refereiic(‘ to any 
typical section of^sjr mountain range, or to any of 
the numerous sections taken through the folded 
regions of liritain published by the Geological 
Survey. 

This latter, it is almost needless to say, con- 
stitut(‘s evid(‘nce of the bekt kind, as the authors 
were simply recording -facts,, having no thought 
in their minds of the theoretical relations here 
expouiuhal. The posteriority of normal faulting 
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to folding lias been remarked upon by even so 
early an observer as l^ayfair.’ Every section I 
have seen shows normal faults cutting and dis- 
placing the folds where the faults and folds exist 
together, oven in the' case of those longer undula- 
tions into which the strata involved in the hilding 
of the mountain range graduate in those great 
areas and plains Hanking the range proper, wdiicli 
constitute a large propottion of what 1 have termed 
the strata-plate. May w'e not justly infer from 
these phenomena that normal faulting on a large 
or general scale never precetlcs^ but invariably 
foUotvii, folding, except in tli(‘ case of previously 
faulted and folded strata involved in tlie general 
compression and uplift? Another feature dis- 
tinguishing folded regions, such as Scotland, is 
the prevalence of enormous strik(5-fault!*, showing 
that normal faulting and folding, though arising 
from movements in opposite directions, are 3’et 
closely related. 

This short re-statement of some of the leading 
principles of my theory of the orjgiii of mountain 
ranges seems neccssaiy in vKw of certain mis- 
conceptions whicli^have arisen, doubtless due to 
the complexity of the subject. It will also enable 
the reader to grasp the bearings of the experi- 
mental illustrations detailed in the following 
chapters. * 

* llluslratiom of ihe Hiilfotiuin Theonj, pp, <>2, 63. 
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CIIAPTEH X 

A FXIIlTIIElt lIXUSTRATION Ol’ THE STltATA-PEATE 
AND THE CCMLTLATIVE I'.FFECT OF SMAEL RECUR- 
RENT EXRANSrONS 

TN ‘ Origin of Momitain Pannes ’ (Plate VI., 
p. 28) a reproduction of a j)hoto;^raph of a 
fold in the bottom of a load-lined butler’s pantry 
sink is ^iven as illustrating^ the cumulative effect 
on a plate of nudal of the differential expansion 
caused by chanj^es of temperature. These clian^^es 
of tempemtiire have arisen from the hot and cold 
water used in ordinary washin^^ up, for which sucli 
a sink is provided, and th€‘ sink had in noway been 
interfered with for other purposes. 

Since this fokT*was photof^raphed in iH8(> from 
a plaster cast of jthe bottom of th^? sink, the cumula- 
tive expansion cti^rtinued, until the inner concave 
side of the fold became ti^htly^conipressed against 
the opposite and outt?r side of the fold. It thus 
became an overfold, leaning towards 
the c*entre of the sink, as in tin? 
accompanyiiif^ figure, and {f st'cond 
fold began to rise in crescentic^ form at the opposite 
side of the sink. 

In proc(*ss of time these C/Oiftinual minute 
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jiiovoinoiits and strains ovtMitiially cracked the haul 
of the fold, and a plumber, bein*,^ calltjd in to repair 
the sink, cut tlu‘ fold out, beat down the lead to 
a hat surface, and soldered up tin* ^^a,sh. Un- 
fortunately T neglected to nott* tin* date of this 
oiDeration, thinkin^^ that the sink would now have 
no scientific value ; but it must have been about 
eij'bt years aj?o. 

So far from the interest bt'ing (‘xhausted, it 
became grt‘ater, for a new fold be^^an in course of 
time to rise on the site of the old one, involvin^^ 
in the movenient the soldered joint, which was 
lifted and twisted without fracture. Several re- 
pairs and solderin^s of further cracks in tin; fold 
took place, until F was satisfied that the sink 
bottom was beyond furtlu'r repair. 

I now had a plast(‘r cast mad(* of Uie whole 
area of the bottom of tin* sink, measurin.L( ‘2M incln*s 
by 14 inches, and from this I’late III. was photo- 
j^rapheKl. Then T had the lead linin;4 carefully 
taken out w’ithout disiur])in;'* the form of the 
bottom, and had the underside? plnd()^rai})luul and 
reproduced in Plate? TV. 

Uurtherme)re*, I e*ut out the; larLfe fold fre>in the' 
bottom (tif<. 1, Plate.? V.), te) jvelucc; it to a con- 
venient size, and elissecied it with a saw' along the 
lines a b anel c d. These three sectiems w'ere 
naile?d to a boarel jhid phote)gra])hed (fig. 1, 
Plate Y.) in conne^-tieui ^vith the jilaster mould 
(fig. 2) from which the original Plate VI. in ‘ The 
Origin of Moufitain Kanges ’ wais taken, and these, 
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to tlu^ saiiHi scjik*, cnabb' us to see the 
])reeise clilTtirence between th(^ first fold and tluj 
second fold. 

'J’he section disclosed bv tlui saw-eait alon<{ the 
line a h is (‘sp(?cially interesting from the develoj)- 
nient of overfolding which had taken ])laee, and 
as showing the thinning out the nu'tal of the 
iinfoldc'd part (jf the sink had undergone. It is 
w<dl shown in Plate X^f., which give's the section 
of the overfold natural size. 

The lesson taught by the history of this lead 
vessel is extremely interesting, and sliows v^ery 
clearly that successive changes of temperature, 
however small in amount, eventually strain and 
distort a plate in such a way that the rtjcurrent 
intt'vnal niovenu*nts in time force up a fold bearing 
a striking rc'st'inblancc' to a mountain range. 

Not only do<*s this happc'n, but we see by tlui 
section at Platt' \ I., that the movement in the 
centre' part of the^^fold that is, hetwt'en tht* two 
ends —was continued st) as to product' an overfold, 

a characteristic 4'^ature in the structure of moun- 

. 

tain ranges. 

A (aireful eonsid('ratit)u will.ilso convince us that 
this movement, t)r intt'rnal strain, satislitsd by the 
rising of the lead in the form ot a. fold, is due to 
<lij)'rrc)ili<ii heating of tht'^ plat(‘. This is shown 
by the rate of movenu'nt being differential also. 
Phe grt'atest expansion has* taken place in the 
din;ction of a to h (lig. 1, Platt' A’.), along the line 
of si'ction shown natural size in P^itc A'f., where 
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the overfoldinj^ has developed itself in a remark- 
able inamier. Plates III. and IV. also show that 
the movement was to a certain extent radial, 
which accounts for the crescentic plan of the fold, 
further evidenced by the 'lower and minor folds at 
the oi>posite corners in the same illustrations. The 
spreading out and bifurcation of the terminations 
of the crescentic fold are partially, I think, due to 
the expansion of the plate on the convex side of 
the fold. 

An examination of Plate V., which enables a 
comparison to be made between the ori^nnal fold 
'D and tin* second fold (fi*^. 1), shows how 
this bifurcation commenced with a s})readin^ out 
of the fold in semi-domical terminations, 'riie 
history and dev(‘lopment of tin* final form of the 
fold is recorded w(*ll in these series of pholoj^raphs. 

It is very instructive to contrast the perfect 
moulding and harmonious curves of tin*- <.)riginal 
fold (fig. '2, Plate V.) with the.gnarled character, 
irregular ridges, and terminal bifurcations of Hg. 1, 
so represt'iitativt* of tin* folding <)f/<Tn old mountain 
range. ^ 

Not less interesting to tint student of mountain 
building is the fact that the second fold (lig. I, 
Plate \ .) rose up on the site of the o?*iginal fold 
(fig. 2). A coinparisoy of the two figures will 
show how closely the second fold followed the 
lines of tint old on(*,*its irregularities arising from 
the greater stifhn*ss of tjie portions locally soldered, 
these solderiiif/s rising with the rest of the ridgt*. 
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Not only so, but the metal by repeated suiall 
strains became less ductile, and so from time to 
time cracked. One of these? cra<;ks or fractures 
is seen in the ])hoto^raph ('%. 1, Plate Y.) on tlu? 
inside cd^e of the rid^^e, aloiiff its central portion. 

A nmasurement of the foldiiif^ and overfoldint^ 
aloiif^ the line n. h 1, Plate V.) shows that the 
sheet of lead oxpand(*d alon*^ that line ()•()>} inch, 
and the ridf^e rose 0'4() incli above tin? bottom. 

This is the maxiinum leii'^thenin*' that took 
place since the initiation of tht‘ second fold ; but 
for the actual lenf^th(?ninf^ of the sheet of lead 
forming the bottom of the sink from first to last 
must be added th(? expansion that })roduced the 
first fold, estimated by me at about (>5 inch, 
making th(‘ total 1*18 inch. 

It is *tlu‘refore mathematically d(?monstrable 
that this expansion-creep must be accompanied by 
a tJuimimf of the sheet of lead, and a transference 
of lead to the site o^ the fold. 

In sawing through the sink bottom it was 
found that in the (*eutre part the sh(?et was 
obviously tliinnei^than in and near the folds. 
Some of this .diminution was^ no doubt, due to 
extra wear at that particular spot, but in part also 
to the thinning by expansion over the central area. 
The whole plate of lead, ^including the portion 
forming the folds, must also have lost thickness 
not only by wear, but lon^^-continued clnmiical 

action of the water. . ^ 

The fact that the edges of t*ie plate were 
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solderotl to the lead sides, and the whole httt'd 
into a wooden ease, has no doubt inliuenct'd 
the linal form the folds have takmi ; but tin* 
differential expansion produced by the hot and 
cold water falling near tire centre of the plate has, 
in my opinion, intluonced it more. 

Jn applying tliis lesson to tin* problem of 
mountain building I wish to point out that tin* 
lead bottom repres(‘uts what 1 havt' c alled a stnifn- 
forming a differentially li(*ated area of a 
portion of the earth’s cTUst. Outside tliis ar(*a 
occurs the unheated and rigid framework, which 
may be paralleled by tlici rigid sides of tin* sink, 
excepting that in the case of the strata-plate the 
graduation from tlm heated area to the* outside 
rigid framc*work is l(*ss rapid. 

If we concedve tin* strata-plate as m?ide up of 
alternating thicknesses of shc'ets and beds of rock, 
o\ t‘rlap[>ing here and dying out there, and hear in 
mind that we cannot in what is called a la’noratorv 
experiment introduce cdfectively tin* element of 
gravitation, which* plays such an inipoilant pait 
in guiding and limiting c'artl^ njovetnenls, tliis 
record of the history' of the h‘ad ply.te will t>nahle 
ns to gras}) the })rinciple on which I ht*lieve the 
ridging up and modelling of the (*artirs c rust has 
proceeded. ^ 

The* (dT(*ct of denudation in our ohjec*t-lesson 
has been absent. This, as. cvc*ry one conversant 
with geology knows, is^ one of thci most im[)ortant 
agents by whi^h the cairth’s crust has rt‘ac hecl its 
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present external configuration. In nature, while 
the lateral pressure and ridging up were in process, 
sub-aerial denudation at a rate somewhat less rapid 
would have been cutting df)wn and truncating the 
folds and ridges of our mountain range, and so 
exhibiting to us the wonderful structures the 
genesis of which we are investigating. 


L 
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CHAPTEK XT 

EXrK H I U KNTAL I )E1.S 

I N ‘ The Origin of IMountain llaiiges,’ pp. >331-33, 
I gave a description of certain experiments 
made by me in illustration of some of the princi])les 
expounded in that work. In consecpiencc^ of these 
having been undertaken while the book was in 
the press the matter was necessarily compressed. 
This was in the year 18S(). Since then more 
elaborate experiments have betm made by Cadell 
on the same liiuss,' and later still by Bailey Willis.- 
Their apparatus and methods of compression were 
in princi])le the same as thos(^ employed by me 
and described in tlie pages referred to. 

The objects aimed at wt*re, however, somewhat 
different. C^adell was desirous of discovering in 
what w'ay the huge thrust planes and intense 
folding of tlu‘ Highland rocks .were produced. 
Hailey Willis lu*ld the sanie (A>ji‘ct in view' with 
regard to the Appalachians, but also aimed at 
elucidating general principles. JMy investigations 

* ‘ JilxperimeiiUil llosearches ir^ Moiintuin l>nil(lnig ’ (Trans. UoyaL 
Soc. of Kdin.^ vol. x\\v.^*jirt 7, 1HH8). 

' ‘Till* Aro<lianic*8 of AppaLiehian StniPtiirc ' (Thirtfrffff/ 
Amina f Heport f\f (hr IK H? Gcolaffical Survey ^ l8‘Jj 9*2; published 
1894). 
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wore undertaken partly to test some of the prin- 
ci]des previously geoiiK^trically reasoned out in the 
body of the? work. 

I have thouf^ht it worth while in this further 
consideration of the subject to ^ive photographs 
of some of tht‘ results arrived at in 1880. I3eiii<( 
of clay, the contorted beds in the models have 
naturally shrunk after fifteen years’ ktjeping in a 
dry cupboard, but not so as to vitiate the original 
description given in ‘ The Origin of Mountain 
Itanges.’ 

In addition, 1 give diagrams and ])hotograpbs of 
exptM’iments on composite bars made up of sheet- 
l(*ad and paper and sh(?ot-lead, millboard and paper. 
I also give some curious results of the compression 
of moist sand. ’I’liest* experiments were all made 
betwt'on l*)('cember 1880 and h\*bruary 1887. 

I must here take the opportunity of nmiarking 
that, from the complexity of the snbjt'ct, it is 
necessary in such experimcmtal investigations to 
deal with one phase at a time of the moveunents 
the' cairtb’s crust is subject to. 

of (\>nii>osife Bars . — 'riie experi- 
ments detailed bv (’adell and .Willis wc‘re made 
upon c'ompositc* bars of clay, plaster, and other 
materials of varying tcmacity and plasticity, grouped 
in a trough and compressed^ from the ends. This 
produces A'^ertic al folds, accompanied with compres- 
sion ontlu? concave* and t*ensioiM)n the convex side, 
the movements being in parallel vertical planes. 
To any one who has studical " ’Fhe Origin of 
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Mountain Ranges’ it is hardly necessary to say 
that this is what seldom occurs in nature. Anti- 
clinals, as there pointed out, a.re mostly cdlipsoidal 
in shape, and are due to converging compressivt' 
forces ; that is, to centripetal pr(‘ssure. 

Domical Sf nut a res. — In th(‘ (^xpeuiment shown 
in fig. A, Plate XIjII., ‘ Origin of Mountain Ranges,’ 
I attempted to produce this effect of converging 
pressures, with partial success. 

T now give photograjdis of the resultant model, 
which may he called a truncated anticlinal (Plate 
VII.). This shows its gradual development from 
an anticlinal (d a small sectional anni in the bottom 
bed to a larger one in the middle, inci’<*asing to a 
maximum at the top. It will Ix' observed that tin* 
anticlinal is curved not only transverstdy, but also 
at right angles tluavto, being a truncated ellipsoid, 
due to the pressun‘ producing it liaving bocui to 
a small extent ('onverging. ’I’his exp(‘ri)Ment is 
described in detail on page Kid, Experiment No. 7. 

Di^erential Ejjxoision , the (Wmse of Dol(tin<) 
and Domed Stnicin rrs. — But it is by the cx])ansi()n 
of lead plates by differential heating that the most 
instructive results Jiave been obtained. 

Such differential expansion {)rodnccs a mucli 
more exact imitation of the forci's producing the 
folding and compression that takes ])la(!e in the 
building uj) of a mountaiin range*. The forces are 
in the case of dilferentiariy heated i)lat(js internal 
to the affe(*tcd ar(‘a, wluinjas in the experiments by 
the authois naiiicd, and bv oth(*rs who have 
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attempted the iiivestif^atioii of analogous physical 
(iuestious, the force a])])lied has been fxtenial. 
Mountain ranges are manufactured out of extended 
sheets of strata, of a inost composite nature, of very 
small thi<*.kness conj pared with their superficial 
extent. 'J’hese compound sheets 1 have called 
strata,-] )lates. 13y differcnitial lu'ating the outer 
])arts of the area gradually shade oif to the normal 
teniperature. The coiise(juence is that the folds 
com(‘ on ill long, low undulations, increasing in 
nniplitud(^ till the centre of disturbance is reach<?d. 
The mountain undulations grow out of the origi- 
nally liorizoiital or nearly horizontal strata. There 
is a continuity between the initiatory and the 
central folding which cannot be imitated b}' forces 
a]iplied to the exterior of tin* folded area. The 
anticlinals risi^ gradually out of the horizontal 
plane. 

An examination of Plates J IT., TV., V., and YI. 
in the preceding cluipUn’s will illustrate niy meaning 
blitter than any verbal dt*scri])tion. The history of 
the lead bottom of the sink is thd most instructive 
of all the exampl<‘s of the ellect of dillerential 
expansion on sheets of lead "{iiid, by parity of 
reasoning, on oth(;r material. 

The anticlinal ridge as shown in .Plate YI. of 
‘ The Origin of Mountain liayges ’ grew out of the 
lead plate by such inhiiitesimal movements as to 
be quite imperceptible, except' by comxiarison at 
very long intervals. It would, I believe, be im- 
possible by any amount of pressure applied to the 
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external sides of such a sheet to imitate this fold- 
ing, Avhich is due to dilTerential internal lengthening 
and a How of material from the centre of the ])late 
towards the folds. W ere outside pressure ajjplied, 
the result would be that any folding whicli took 
place would entirely cross the siieet in one direction 
or another. Instead of hnporceptibly growing out 
of the sheet, the fold or folds would traverse it to 
the sides and show on the outside edges as trun- 
cated anticlinals. 

Anticlimd Dome . — Thes(‘ principles are illus- 
trated in the sinipl<?st form in Plate Jl., fig. I, 

‘ Origin ^)f Mountain llaiiges,’ where a dome-shaped 
circular anticlinal is shown which was bossed uj) 
by differential heating. The application of a gas- 
jet to one locality in a sheet of lead will boss it uj) 
at that place in a form answc*ring to the form of 
the heated area. 

If (external compression were ap})lied to such a 
circular sheet of lead, the effca.t v.ould be that in 
tluj effort to reduce tin; arc/a of tlu' plate the 
exterior rim wotifd beconu; a series of folds. 'I’liis 
can be shown by a very simple ex])eriment, without 
any apparatus other than a circular piece; of cloth, 
a board, ajid a few^ pins. Plate VHL, fig. I, shows 
the result of the reduction of a circular pieca; of cloth 
9 inches in diameter to 8 inchc's in diamettir. Py 
no other means than by folding at the edg<;s can the 
area (d the cloth be reduced, and the r/znesf-dome 
structure shown in the photograph is formed by the* 
meeting in the centre of four anticlinal spurs, the 
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periphery being reduced by overlapping folds pinned 
to the board. See fuller details, p. 167, Experiment 
No. 10. 

This, like many simple experiments, is more 
instructive than some on an elaborate scale involv- 
ing much machinery. 

It is illustrative of what may take place in the 
focus of maximum pressure of a compressed and 
disturbed area, because as this focus is ajjproacJied 
there is (jreater uiocemeni ^ and the forces originatimj 
within the strata-plate increase in inteusitg. 

Matter has Three dimensions, — In the conside- 
ration of problems such as this the fact must 
never be lost sight of, however thin the plates may 
bo, that we are dealing with niatter having three 
dimensions, and in Nature’s efforts to readjust the 
matter to now conditions a straining and flow of 
mat(?rial from one locus to another must take 
place. The movements are extremely complex, 
but there is one principle that these experiments 
emphasises, namely, the potency of time. Put even 
th(i most rigid and intractable material under stress 
proportioned to the work required, and It'avo it 
sulliciently long under these coivlitions, the material 
by internal movements will adjust itself to such 
forces. 

Though these exiieriments with the differential 
heating of lead j)lates, in my opinion, imitate more 
nearly the movements conditioning the formation 
of mountain ranges than do any other experimental 
methods known to me, there is t)ne difference that 
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must not be omitted in our coiisiderntions. It is 
this, 'riio rigidity of the eartlfs erust is small, 
considering the enormous forces which net upon it ; 
consequently, excepting near to the surface, the 
material is in one way or another packed solid -no 
hollows will occur under the anticlinals.^ Under 
such limitations as these, for a proper understand- 
ing of the prohhun some otht*r form of expc'riinent 
has to he resorttal to. 

The compression of less rigid material, such as 
layers of moistened clay, that tend to keep solid hy 
their own weight, enables us to form a pretty 
accurate estimate of the form thi^^ packing wendd 
assume under conditions translated into the enor- 
mous scale of nature’s operations. 

Tjimit of Disfdiuc if Thntsf con rcz/tul tJiromih /he 
Kartli^a Crnaf. As hearing upon the possibility of 
stresses being conveyed long distances through the 
eardi’s crust hy outside compression, I would direct 
attention to the difiiculty experienced by every 
experimental investigator iji subjecting ev(‘u short 
bars to end compression. The anticlinal fold has 
a strong tendency to rise up near to th(‘ moving 
eiid of the compressor,- 

' T. Nelson Dale, in niilleliii No. Series C, Sijnh'mutir CS('oio(jy, 
U.S. (icolof^ical Survey, gives examples of •<’a\es formocl by tension 
and rupture ’ in the Ordovician schists of the (ireen Mountain region. 
These are attributed to movements later than the folding of the 
schists. 

■ See ‘ Mechanics of Apj^alachiair Structure,’ Hailey Willis, Tint- 
loenHi Ammal lieporl U.S. Gvo. Survey, 18t)l-y2: ‘After a number 
of experiments I begun to be^ embarrassed t<) explain the constant 
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If the material of the compressed bar be made 
too ri^^id, it will not fold solid ; if too plastic, it will 
not be stiff tmotigh to convey the thrust. The 
inference is bu’ctKl upon us that the strata of the 
earth, so far as affected by outside pressure, can 
only convey a thrust for a limited distance. The 
contracdioii theory, which attributes the folds in the 
earth to lateral i)ressure produced by a rigid crust 
following a shrinking nucleus, provides only onf- 
auUi pressure for the ridging up of mountain 
j'anges. We may well ask whether this want of 
rigidity does not put an im])ortant limitation upon 
the extent of the areas which can be acted upon by 
such a caUH(!. Experiments show conclusively that 
it is diflicult to convey thrust through a plastic 
medium by end compression, tfow much more 
dillicult does it become when tin* medium is not a 
men* bar, but an immense surface or plate, the 
movement, compression, and bending of which are 

necessary to build up mountain folds ! 

• * 

L^rcsHtu'c uruj 'uKiluig hi Exffcntsion Internal and 
Kqiiahle . — It is well here to draw a comparison 
betwecji the effects of outside pressure and pressure 
originating in th(^ expansion of a heated strata- 
X)late. Ill the latter case th(‘ stresses originate in 
the plate itself, and an^ equally distributed through- 
out, proportionally to the differential heating. The 
most highly heated area is the locna of greatest 

occurrence of an anticline at the end of the model nearest the X'i^ton ’ 
(p. ‘2-lS). 
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movement. Every part of the materials of the 
affected area is undor stress and strain, and the 
actual movement is produced by the enlarging of 
the superficial area of the strata-plate, which adapts 
itself to the new conditions by folding, doming up, 
or shearing, in a manner well exemplified in Plates 
III., IV., V., and VI. 
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CHAPU’Eli XII 

DKVELOrAni.E SUBEACES 

H \h] VKIjO l*AJi /jli] Htirfaces. -1 have said that 
ill the analysis of these complex problems it is 
necessary to consider parts of the subject separately, 
to isolate them, and study the problems in their 
simplest aspects. I am indebted to my son, Mr, 
M. 'rreJeaven Jieade, for pointing out that certain 
geometrical forms can be developed out of piano 
surfaces without extension, compression, or stress 
or strain. Thes(‘- ar<‘. called ih'vclopahle an rf acen.^ 
'Pile application of this principle to the study of 
mountain structure is of interest in enabling us to 
clucidat(‘ stime of the complexities of the subject. 
^Fr. M. U’releaven Ileade has been good enough to 
make the model shown on Plate dX., figs. 1 and 2. 

* See ‘ SoiiK; Properties of Ploxible Surfaces and Flexible Solids* 
(Trans, of lAvrrpoof Kntji}teerin<j Soviet tj^ vol. XX. Session 189H--99). 
A sn]>ertit*iall3' ngid*snrfaee whicli caji be* unrolled so as to lie wliolly 
in one plane is known mathematically us a ‘ tfvvelopablc^* and it is only 
this class of surfaces and their coiubinuiion in various stages of 
development that the author treats of in this i)ai)er. The ‘ developable ’ 
surfact'S consist of the cylinder, cone ^^nil torse. They are a distinct 
geometrical conception from the truly mathematical surface, in that 
they art‘ assumed to possess the material ipialities of unstretchability 
and unsbrinkability, or, as delined beiure in other words, they arc 
‘ supertieially rigid.’ For ail practical purposes we may regard 
‘ developables ’ as shc( ts of material tnin enough to bend easily, but 
thick enougli to bo ‘ supt*rlicially rigiil ’ (p. 191). 
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Fig. 1 shows ii reofcaiigular surface, foiiued 
out of drawing-paper, nu'asuring (5 inelnis by (> 
inches. The curved lines drawn upon it rt'present 
scorings made by a knife alternately on oppositi? 
sides of the paper, the linn lint's rt‘prt;senting the 
ridges, the dotted lines the valleys, as developed in 

Fig. ‘2 show’s this surface folded into curvt'd 
symmetrical forms : a symmetrical ridge-and-fur- 
row s3'stem of mountains, 'i’ht' surface aj'ea of the 
folded system is exactly that of tht' unfolded 
parallelogram, or :l(> squari* inches. Tlu^ ba,sal 
area of the folded system measures 2 M2 inches,, 
or 11‘88 stjuare inches less than wiieii fiattt'ut'd out 
as show’ll by the t'licircling white line.' It will be 
obseri'ed that the basal plan of tlit' folded systt'in 
assumes an irregular form, and that in tlu' dt'vt'loj)- 
ment of the ridge-and-furrow folds the horn of the 
fold at (I has moved in a spiral. 

hjxarnined analytically, it will be found that, 
exctqiting w’liat is diu* to tlui thickness of the paper, 
theire is, tlu'orotically, neither strt'ss nor strain 
involved in the folding; and this is true of all the 
forms of developable surfaces. Translati'd into the 
concrete, it wdll also be observed that to fold up a 
system of mountains of this form and character 
comprossile movements would have to be applii'd 
in variable degrees to tlu^ exterior of the parallelo- 
gram. 

' Tlicso areas have all btM-n measured with ih(^ planimotcT. 
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Plato X., Fif^. l. -This ro])rest*nts an octagon 
forniod out of similar paper to fig. 1, Plate IX. 
It is (> iiicbes across and scored with a knife 
alternately on opposite sides, but in this instance 
with mdial cuirves. The area by nieasurenient 
is ‘29-73 s(juare inches. Fig. 2 represents the same 
sheet in the fold(‘d form, the basal area being 
10-98 square'! inches, or 18-79 less than the original 
octagon. The folded surface area is pnjcisely the 
same as fig. 1, and is shown by the enclosing 
white line. 

Th(^ interesting feature of this experiment is 
that in the f<»lding the central area takes on 
a spiral moveiiKUit. To show this effectively a 
pointer has h(*en pinned to the central jiart. On 
comparis<m of this with th(‘ fixed ])ointer, it will 
he s(u'n that it has niovc'd round through 20°. 

It must not l)c thought that Nature ever 
<‘xactly rt'produces tin* conditions of any of the 
experiments by which we h.ave been trying to 
diaguos(' earth movements and get a grip of the 
<*t)nditioning factors. 

Tin* last experimtiiit hears upon the possibility 
of strata in coni])ressiou developing torsion struc- 
ture such as Mrs. Ogilvie (lordon has investigated 
in the Dolomites.' 

In what Professor Ijapworth aptly calls tri- 

• 

‘ Q. J, a. S., vt)l. Iv. pp. TiOO OiM, Sot* ;ilso report of meeting of 
the Cu*o. Sot*, of Ednibingli I’^ebruary 12, 190:1), wliore 

Dr. (JonloH g:t\o her views of ‘ Siiniiltaneoiis Duplex Crust Movements 
ill the Cassji-Moiizoni District/ ^ 
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dimensional movements it seems as if anything 
were possible, even ‘ mushroom-shaped mountains 
without roots.* 

Further experiments will be detailed beariiif^ 
upon this interesting problem. 
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Folding of Comfouxd sitbject to End 

CoMPllESSION 


jmXPKBUIKNT No. i. - This was made with a 
. series consisting of eight plates of lead, weigh- 
ing 7 lb. to the superficial foot, measuring 1 ft. 8| in. 
long by 2 in. wide. Between each pair two 
layers of calico were placed. The combination 
A, fig. 1, Plato XL, was then placed on a ‘sole’ 
board, g, 2 ft. 5 in. long, having a side secured 
thereto for guiding the combination. Two j)icces 
of board, A, />, were placed at each end, on top of the 
lead series, with a bridging board, c, covering all and 
spanning the space between. These arrangements 
will bo easily understood on referring to Plate XI. 
’riie combined series was secured together and to 
the ‘ sole- board* ’ by claiuiis at (f, d. 

’rhe obje<*t of the space e was to allow the com- 
bined bar to rise in an anticlinal at that portion of 


the bar. 

By means of a poAVtirful «ramp pressure was 
applied to the ends of the, lead combination bar, 
which slid between the cheeks by which it was 
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coiilined. At first it took a considerable force*, to 
turn the screw t)f the cramp, and the lower plat<‘s 
at /, fig. 2, became contorted. 

(Continuing to turn the screw, the crown of the 
anticlinal (7/, fig. 2) rose to 2| in. above the sole- 
board at </, the lead bar being shortened to 
1 ft. in. When shortened to 1 ft. 7'j* in. 

the height was 8,'',; in.; when 1 ft. 1 in. the 
height was 8.^ in., and, when 1 ft. 7 in., 4 in., 
as shown in fig. 8. 

The rise of the crown of the anticlinal, whi(4i 
brought it in contact with the bridging board, so 
bent the latter upwards that at this point it cracked 
at 7, fig. 8. 

The bridging board was now rinnoved, and the 
screwing up continued until an overturn- anticlinal 
w'as formed, as shown in fig. 4, whicli nieasnrcid 
8|- in. high and in. at base, or a reduedion 
of 11 in. in length of the base. 

The pressure of the bridging board did not 
seem to appreciably iniluence the form of the anti- 
clinal, and serves to show how grt*at must he the 
lifting effect in nature of a rising and developing 
anticlinal upon the covciring rocks. 

The photograjjh, Plate XII., tig. I, shf)ws the* 
completed overturn-anticlinal in pcrspectiv(% from 
which a better idea of it as a solid (am be obtained 
than from the diagrams. 

Note. — I have ' not thought it necessary in 
figs. 2, 8, and 4 to draw, in the individual p]at(‘s, but 
have treated the condiination as a bar. Tin* photo 
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shows the leficl plates of which the bar is com- 
posed. 

hjj’pcruueHf No. 2. (l^hvte 1C.1X., hg. ’2.) xVcohi- 
YX)\md scries was prepared, 1 it. 5^ Vi\.\ons, consist- 
ing of three sheets of lead, three sheets of millboard, 
and five layers of pajjer, forming a bar 2 in. by 
;J in. in section. This combination was put into 
the apparatus just described, excepting that the 
bridging piect; was sawn through the middle and 
the (damps werc^ nearer together. 

(In applying pressure to the ends of the bar as 
before the upiier layers rose rapidly in anticlinal 
form, the bottom sheet of lead at first remaining 
fist ; it then suddenly sprang up. The pressure on 
the anticlinal could be regulated by the clamp 
screws and the elasticity of the boards they acted 
upon. C(mtinuing the screwijig up, the left limb 
of the anticlinal became vertical, the light being at 
jin angle of over 4(y\ Aft(ir this, by the more 
rapid approacdi of the bottom part of the left limb 
towards the right Inlib, the anticlinal clostul up and 
became an overtui’n to the left. 

idle clam}) sc rews were tlnm removc'd and the 
screwing up continued, when a second anticlinal 
was initiattal t(d the left, the various layers of the 
bars sejiarating, and rising one inside the other 
in anticlinal form.' The; right-hand end of the 
bar was unalTect(‘d. 

FjX^)vri nicnt No. rd.— ^The . whole series was 
straightened out and pla< ted, anew' in the machine. 

* 'I'he photo does tiot show this. 


M 
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Again the l(?ft-hand end moved most on screwing 
up, but this time the anticlinal became an over- 
turn to the light. 

These experiments seem to show that very 
minor causes may inflnem^e the direction of the 
movement of rocks subjetded to great pressure. 

J^rxperiDteut No. 4. — A bar of soap, i ft. ‘2;^* in. x 
2^ in. X 2.V in., was cut into two layers as shown in 
section lig. 1, Plate XIII., and tlien placed in the 
machine. The effect was to slioar the ends side- 
waj^s with a vertical shear (fig. 2). Py no amount 
of coaxing, clamping, or regulation of the scr(‘W 
could I make this curious material act otherwise. 
The pressure and immanent produced slickensided 
surfaces on the (ilaiies of shearing. 

l^Lrpf'riuient No. i>. - In this t‘X})eriment a 
wooden, trough was filled with alt('rnat<‘ lav(‘rs of 
moistened ipiartzost' sand, and sand and coal dust 
mixed. This formed a bar 2 ft. 0.^ in. x 2 in. x 2 in. 
before compression. On ap])]ying compression the. 
ends commeiK od to lift, so I ^llaced weights u])on 
them to keep tlie sand down. Th(‘ efier t was 
curious, ^riie sand flowed froni under and ros(^ 
round the weights, and tin; har of sand sheared 
beyond as at f/, fig. .‘J, Plate .XIII.’ * 

After removing tlu' distortial ends tin* bar 
measur(}d in. long ; tliis w.as compressed to 
11 in., hut again the ends sheared in tlu‘ way 
shown in fig. 1, PJate Xlll. When the sheared 
ends were removed, the shear in cross-section 


Only oiKi end of* the bur is sliown. 
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proved to be a portion of a lar][^e circle, this 
doubtless bein<r t-ausod by the friction against the 
sides of th(i trough and the freer iriovoinent r)f 
the central part of the sand. 

Thii sand wa,s just damp enough to hold to- 
getln^r by surface tension, and the sharpness of the 
edges of the sh(;ared ends (a, a, fig. 1) was very 
remarkabl(‘. 

K.rfirri ntent No. (>. — In this experiment the 
trough was iilhal with layers of moist sand, divided 
by thre(i sheets of tea lead, and resting upon a 
bottom she(‘t of tea lead, making a bar 17f}in. long 
ami ‘2 in. s<jnare in st^cdioii. 

On screwing u}) the to]) layer of dark sand* 
b(‘gan to rise at the end in an anticlinal with 
a cavity under. T placc'd a short wcuglited hoard 
U])on it, whi(;li had tin* (‘fh'ct of ke(*ping the layers 
tog(‘thei’. The f(»rination of ovau'folds resulted in 
tile att('m])t of tb(‘ sand to shear, which was 
])rt'vent(‘d liy the b'ad sheets. Fig. 0, I’late XIII., 
fully explains tlu* resultant forms, and shows 
graphically how combinations of alternate soft and 
tenacious beds of rock may be affected by lateral 
jirc.'ssure. '^Pln* sand, having ronndi'd grains and 
littb* c'oht'rence, flowed, and tilled the sjiaces 
betwcH'ii the anticlinals and synclinals into which 
tlie lead was folded in adaptjng itself to the com- 
plex c ompressivt' ami U'lisional for<-(‘s. 

Ij.rpt’t'i nirnf No. 7. — Plat(‘* \ II., p. 1 IS, is a 

' Tlio rilled line's are ouIn sluidinir t<i show the lii\ei*s <hirkeiieil by 
eoiil dost; they do not ve]U'esL‘iit the h‘a«l shi*ets. 


31 2 



H44 EVC>LI;TK)N of earth STRl'CTl'RE 

scries of photographs of a Jiioclcl rc'siilting from 
the compression of an aggregate of nine layers of 
ola 3 \ This is described in * The Origin of jMonntain 
liaiiges,’ imge 382, and figured in Plate' XLll., 
fig. 4, of the same VN’ork ; fig. 1, Plate VTI., repre- 
sents the complete series of nine layt'i’s as finally 
folded. Fig. 2 shows it with the three top layers 
removed, l^ig. 3 shows the thrt'e bottom layers. 

This is a good e.vample of the way an anticlinal 
fold is developed. 

It begins with a small, highly comprt'ssed fold 

at the base, and layc'r by layer gradually increases 

# 

in amplitude, but becomes less c.om])ressed as the. 
apex is approached. Tht' apex layt'rs art^ finally 
ruptured by tension. 

By the inst'rtion of two j^inc hors(‘shoc baiuls 
in the trough, bt'aring against the I'lids of the series 
of layers, the pressure was made slightly convc'rgent, 
with the result that the anticlinal tt)ok tlu' shape 
of an ellipsoidal dome truiurated at each end. 
This form, together with double layers of thin 
calico between, separating the clay strata, t'liabhjd 
the laytu’s to be taken off one by one, thus ex- 
hibiting the interior structures and mould of the 
anticlinal.' 

' Tlip followinji; is the t^piieral dcspriptioii "iven in ‘ Tho Ori^'in of 
Mountain li^s. 4, o. 6; ‘ Kxpprinuuital illustrations of the* 

movements of bedded rocks in folding I jyvarious applicatioiis of lateral 
pressure,* 

The apparatus c()nsistcd*>f a woollen trougli o)u*n at the ends, into 
which were fitted two sliding^ coiaprossiug bands, i‘ach formc*d of a 
strip of zinc bent round in horseshoe form and o\c‘rlapping i‘nch othi’r 
ill the middle, 'fhe compression chaiiiher, or contortion box, was then 
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KxparuuGHt No. 1, Plate XIV., is a 

phot()j:(rM.ph of an anticlinal built up of seven layers 
of clay with calico parting's (as in prececlinfj ex- 
periments), compross(‘d from the ends, which were 
square and vtirtical, giviiif^ thereby parallel or non- 
con ver'^cnit pr(^ssurc, and conse(|uently no defined 
developm(‘nt (uisued. Jt will bo observed that the 
buildin*^ of the anticlinal took place near to the 
niovinj^ end of th(^ compressor. 

hjXiterhurnt No. 0. — Fig. 2, Plate \IV., is a 
photograph of tlie anti<dinal roi^resented in dia- 
gram, lig. 5, Plate XLiII., ‘ Origin of Mountain 
.llangt's,’ but sliowing the opposite side. 

In this case the (aids of the conn)ressor were 
fornual in stc]) fashion, so that the pressure should 
lirst ath'ct the basal layers and succ(‘ssively the 
siiperiiicuni bent layei*s. 

This mod(>l is to represent what I maintain 
actually tak(?s ])lace in the earth where the move- 
ments of th(‘ earth’s crust are greatest at consider- 

• • 

abl(‘ depths, tailing oil to nothing at the surface. 
It will 1 h‘ obs(‘rve(l that the strata of the anticlinal 
are mort' c(mipr(*ss(Kl than in the preceding experi- 
ment and the tension at the apex greater.* 

lilhul will* tin* JiiJitfrial tu )>c‘ acted upon, wliicli in 4, 5, G consisted 
of laycivs of a Ihu* tenacious clay. The pressure was applicil with a 
cramp aj^niust blocks of wood slidiiij^ in thc‘ wooden iron*'!! and acting 
on tlie zinc )>ands. The layers of cla\;were fr(*e to move vertically. 
In corrt'Ction I may add that the zinc bands we re only used in model 
4 ; in o and 0 stepped blocks of wootl were us(‘d, as is, indeed, 
«lcscribcd in the details of each cxpcriiuenf. 

The reader who washes for further^ particulars should refer to the 
original work. 

^ A paper by l\ A. Steart, Esq., upon ‘ Overthrusts and other 
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Fig. 3, Plate XIV,, is a pliott)grapli of the con- 
torted beds figured in ‘ The Origin of ^loiintain 
Eanges,’ hg. 0, Plate XLII., hut exhihitiiig the 
opposite side. The object of this model is to 
illustrate what would take placid if the sinface 
layers of the earth were compresscHl tlu? most, and 
the pressure decreased to zero at a certain (Ie[)tli 
below the surface, which would hapjaui on the 
contraction theoiy. The result has been attainc'd 
by reversing the ste])ped end of the compj’essor, 
so that the pressure* came first upon the fop Iay(‘rs. 
in neither of the hist two examples were there any 
calico partings betw('en the layers. 

I)istiirbam‘f» in the Jh’assdowii ColUerv.’ Soiuersi't t^. J. (1, .S'., 
vol. h iii. pi». OOO-lTl plu'iiomena heariiif’ \erv cluselx upon 

this expennicnt. ('on^idcmble ov< rt)inist biults wen- (h'^elo^ed by tlie 
working's, similar in eharactei' to tliosf nl Ibulstnck, Inn ol b-^s omt lap 
and tlirow. Mr. SiiiH't considers both sets to be ji.ut oC the' smuu- 
niovr'inents. The interest inj,' fact recorded isthalllie i)\ erlap inerease.s 
raj)idly with the de)>th. 'I'lif loHoni h»'ils nrr i rhlt iilli) Iiuiifi'r flmn 
the fttp Iii’iIh. This is a fealinv to bt* e\peete<l on llie priiicijths 
ennnciateil in tliis work and “ 'I’be Ori}.',m of Mountain Itanees’ and 
illustrati'd in K\])eriinent Xo. (»(> ti*. A use of ient)>oratur«‘ 

firoci'cdin^ from below iipward.s would cNpand tlie bottom beds lirst 
and to tlie tfreatest e.\teiit. otlier lbm,L;s la-in;^ tin* saim . t >n tlie other 
hand, llie beds of dilferent kinds of rock hii\e varvii;^ coellicicnts of 
exiiaii.sion, and lliis, a<'iiin, on a ehaiif^e of icmjieiatutc wdl cause 
ditierential moxi'menls. i\Ir. Stearl also proves that the solt hi. ok 
.sliales Jiave f^ot stripped otf m one place and piled np in another, 
tnakin« up what the miners call ‘d. ail ^romul.’ Cateliil detailed 
ohsor\alions sucli as ilieso are inviiiiiahle. 
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CiTAPTEU XIV 

EXPERIMENTS JN THE COMPRESSION OF SHl’.ETS OP 
DIFFERENT SURSTANCES P.Y CONVERGING PRESSURE 
APPLIED AT THE EDGES 


'^rUK For^FATION of DoMEJ) ANTKJLINAIiS 

J^TA PEJi I MbJNT No, 10 . — Preliminary to the 
actual compression of sheets into domed 
structures, with the object of elucidating tJic move- 
ments and How of material that must take place in 
their formation, I took a piece of apron linen and cut 
out a circle U inches in diameter. The problem I 
set myself was to reduce the periphery k) 8 inches 
diameter. With Jiiaterial such as cloth the only 
possi]>le Jnode of reduc-in^ the ciride is by folding 
at thti edges, the tendtmey being to force uji a 
quasi-dome formed of radial anticlines. An 
examination of Plate VlTl., lig. 1, p. 150, will 
show tiiat in this case I reduced the circular 
area covered by tJie linen cloth from 0 inches to 
8 inches dianuder by folding at the periphery in four 
places, the folds being pinned down to the board. 
This n'duced th(‘ area coveri'd by the cloth from 
81 circular inches to 64 circular inchtis, which 
formed the area of the base of the intended dome. 
These folds, being all in one direction, created a 
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series of four radial curved auticliiuils, lueetiii*^^ 
near the centre, and forming tliere an irregular 
domical centre which measured about ‘2 inches in 
vertical height. 

The illustration explains itself and shows the 
form a non-rigid sheet will take in adapting itscdf 
to the new conditions of space. It is this sort 
of folding by which drapery adapts itstdf to the 
movements of the human body in an infinite 
variety of ways, to the didiglit of the sculptor, who 
rejoices \n the beauty of form which it discloses 
though it clothes. 

Kxj>erhueiit Nit. li.— -The next material experi- 
mented with was what is called ‘ cork ( arpet.’ 

It is a pliable material, jiossessing a limited 
compressibility', and also capable of a little stretch- 
ing without rupture. The thickness of tin* mahu ial 
was in this case a full quarter of an inch. 

Out of this Mr. ^I. Treleaven Jleade cut a circle 
5 inches in diameter, which was phnited u])on a 
board. Wire nails were driven into the board just 
touching the periphery of the circle, and then bcuit 
down so as t<i claw the pcrijdiery down to the 
board. The circle was compressed by a screw'- 
cramp, and a second ring of nails driv('n in, the 
cramj) being moved round the circle as the opera- 
tion Avent on, the injils being clawed down as 
before. The photograph, Plate VUl., iig. 2, 
p. 150, shows this. • 

The advantage of* this process, besides its 
simplicity, is that the model retains its form, wliich 
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it would not do if a compressing machine without 
holding-down nails were used. 

The result was the arching uj) of a very perfect 
dome having a diameter at the base of 4*012 inches, 
or a reduction of aj*ea from 125 circular inches to 
21*80 inches. The height of the dome Avas *87 inch. 

This ])rov(Kl a very interesting experiment ; it 
showed that the tendcuicy to fold at the periphery 
being prevented by the clawing down of the nails 
was compensated by compression of the peripheral 
area. I may add that the r(‘sultant dome was 
immensely strong. 

'Kxjterimenl Ko. i;;?. -We next took a similar 
disc, also 5 inches diameter, and 1 ))* the same 
pro(‘ess conij)ressed it into an ellipsoidal form, the 
longer axis of the base being 5 inches and the 
shorter 4 .^ iuclu's. The result was a perfect arch 
along tlie longitudinal section rising 4 inch ver- 
tically. Th(' h'ligth of the arch was 5 | inches. 
The s(*ction along the short axis commenced with 
a concave curvature from the ])eriphery towards 
the (.-entre, which cdianged into a prominent convex 
curve as it aj)proached the centre.' 

An analysis of the movements proves that the 
material stretched the long axis and was c<un- 

pressed along the short axis ; ])robahly an aix'a of 
the apex of the dome wj^s stretched in both 
directions. 

' T lifTVo tliou^ht it nnnefossary to ivproiliioo this photo. 



170 


EVOLl’TION OF EARTH STRUCTURE 


CHAPTEli XV 

FOLDING OF ( LAY S'l’RATA-PLATFS HY 
Cl UCUMFEUFNTIAL (’OAITKESSJON 

VIK CuDiprcsfior . — With the ohjecit of ni^plying 
circuiiifei’ential compression to circiihir discs 
or plates of clay a ‘ compression band ’ was 
devised. 

This consisted of a thin pliable band t)f /due, 
2 inches wide, to which a strap of similar /inc 
inch wide was riveted at one end to the 
‘2-inch band, the otlna* end biaiig i)assed through 
an aperture or slit near the o})posite end of the 
2-inch band. A handle was tixt;d to the free end 
(3f the strai), and another to one end of the l)and. 
When thes(i handle.s were drawii apart, in the 
direction shown by arrows on the phoL(;, Plate XV., 
by means of a cramp-screw, a gradual tightening 
of the band took place and a reduction of the 
circumferential girth. The photograph of the 
actual machine (Plate XV.) will fully (explain the 
extremely simple action of the ‘ band compressor,’ 
which was made for me by my sou, who also 
assisted to carry out the following experiments. 

The material used in the experimtaits was 
modelling clay. This was made very jdastic and 
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rolled into plates of the required thickness. The 

discs were cut out to a circular template of 9£- inches 

diameter. To prevent the clny stickiiif^ to the 

metal plate on which it was rolled, the jdate was 

smeared with sw<‘et oil. The inside of the band- 

compressor was oiled for the like i)urpose and to 

diminish friction ; iis also the bed-plate on which 

the clay disc was placed to be operated upon, care 

])eing taken that the oil did not f^et mixed with 

tlie clay during' preparation, as otherwise the lumps 

of clay on being rolled out would not adliere and 

combine. 

% 

Wlieii the discs formed a combination or series, 
they wei'c in tin* first (.‘Xjieriments separatt'd by 
two layers of tissue pap(‘r. It was found after 
trial that fine sand was better for this purpose. 
13y this means the s(‘pai'ate layers (H* plates could 
be taken apart and replaced at pleasmi*, excepting 
in those cases wlu'ie there occurri'd an overfold 
which interlocked the plah's. 

meid A o. /.V (Plati^ X\ I.) : Domed Folda. 
Thret* slu‘ets or discs of <'lay, I i])ch thick each and 
inches dia.m(‘ter, wen^ superposetlupon each other, 
s('para.tt‘(.l by tissue paper, as already described, 
to previ'iit adherence, the whole coJiipound being 
j)la(-ed u])on tin; oiled l)t*d-plate. 

d’iu*, ct)m])ressor was adjusted to the circimi- 
fereiue of the compound disc and gradually 
tightened. After a, certain amount of screwing 
up a domica-1 thick(*ning began to develo]) near 
to the part of the bantl between tlm handles, and 
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rose nearly to the top of tln‘ belt. A siiiallor 
domica,! anticline began to appear at the opposite 
side of the band. After the first bad riscai abov(‘ 
the top of the band, the band was slackened and 
turned round, so that th(‘ second antitdinal took 
the place of the first. This then began to develop 
rapidly, and when eventually screwed np so that 
the circle was diininislual to8{ inch(‘s diameter the 
model reached its present form, as exliibitc'd in 
Plate XVI. and in explanatory diagram, Platt' 
XYll., fig. 1. 

A total thickening of the thrt'e layers of about 

* 

:^inch took place, in addition to the dt)mical uprist'; 
On taking oil the band it was set'ii that the largt'r 
dome was a truncatc'd fold. '^I’lie lesser donu' was 
also in a minor degrt't* truncated. 

The underside of the bottom layers was con- 
cave beneath the domes. A wrinkling and shear- 
ing of the upper surface of tlu' clay becanu' 
noticeable on drying. 

t « 

The compression caused a reduction in area 
of the circle, as sliown in Hg. I, Plate XVH. 

Ueficript Lon oj Phitc A IT. -Fig. I shows the 
compressed compound plates complete, as tlu'y 
left the machine, photogra]du'd after’ drying. Ilu' 
fold to the left is the larger dome, that to the right 
the smaller. 

Fig. 2. The* top plate* has becMi rc'mcjved and 
the upper surface of the? middle plate exposed. 
The domical uprise is. shari)er than in lig. 1 and 
more fissurcKl. 
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Fif'. 3. This shows the hottoiii plate only, the 
two above being removed. The surface of the 
larger dome is very much crumpled and sheared, 
as can be seen in the view. 

Fig. 1, Plate XVII., shows the areal reduction 
of the assemblage of discs, the })osition of the 
domes, and the direction of moveirieiit of the clay. 

Experiment No. /•/ (Plate XVJ If.); A Phujio- 
dimd Mountain . — A bottom bed of clay was in this 
case prepared with a low elevation modelled upon it, 
re})resciiting what might be an undulation of the sur- 
face having its axis along a diameter of the circle. 
. This was cut with a knife into beds with a high dip 
stretching obliquely across the axis. Fine sand and 
charcoal was dusted between the b(‘ds. This 
base bed was intended to represent a complex 
striKituro {inalogous to the Uricnnian rocks, upon 
which the Cambrian rocks of the Wrekin were 
laid down, and wliicdi now forms the core of the 
mountain. Upon ^ this undulating surface four 
thin layers of clay, combinedly averaging 1 inch 
thick, wer(i moulded and pressed, each layer being 
dusted with the black sand to jjrevent adherence. 
'Pile whole assemblage of associated beds was now 
put into th(‘ compres.sor, and a genc'ral domical 
anticlinal began to rise. The jnaterial evinced 
a tendency to thicken and t'O’ii up at the edges 
towards the tightening bands, and to modify this 
the com})ressor band was slacRtmed and the coni- 
jxnind moved round a little ©ccasionally. 

The base; was reduced from inches diameter 
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to 8 inches across in one direction and 8| inches in 
another, the circle hein^jf to this extent distorted. 
The domed uprise was in position partly d<'tc'r- 
inined hy the modelled a.xis ojF the bas<‘ Ixal, 

The base bed d('veloped a v(‘rv pnmounced 
ellipsoidal anticlinal donn* havin*^ a hollow on the 
underside. 

This is remarkable, as the ImhIs beiiifjf cut by 
the knife were separable pieces (see Plate 

XATII.). 

'riie comju'ession acting upon th(‘ base bed 
produced on it an uneven upper surface (stu* fi*'. 8, 
Plate XVI ll.). 8810 surfaces became more rejLjularl^y 
curved in the successive layers h)rmin,i; the doim', 
which can be tak(Mi apart and examined separately. 

The circumfen'ntial reduction has been iin‘t, 
firstly, by the domical uprist*. and, s<‘coudiy, by the 
wavy p(a*i])beral undulatiims a.nd tin* longer 
peripheral folds seen to the rijijbt hand in li^. 1, 
Plate XVI 11. 

The ju'ocess of pla^ioclinal mountain-building 
so interestinj^ly wovki'd out by !)r. (Jallaway in tlu^ 
WrekiiV seems to have occurred son»e\vliat in tin* 
fore'^oing manner. 

' ‘On Mount. -lins * Kx/o. Mtuf. |»p, ‘21), aiul 

other ]>»tp(T8 in the J. (t, S, l>r. (’allMWi^N con-.iih rs that the ror.- 
of the Wi'fkin aiut o\' similar aiiticlinalH is a \v< nt' jopKs driven up 
from helou alon^ lines ni fauit which liavc a diu rtiim ohliipu* to the 
strike of the complex. Aci-oniiii'^ to my \ic\vs. this or tt»ii*.^n(‘ 

may ho forced tip hy latc*rfil cf>mpress,ion, and the fanltin^^ may rt‘snit 
from the same cause. It is really a <pu*stion of dommanco in tJu* 
direction of the lateral pressure.^ If the ilominant pressure is at an arn^di* 
to, but in the direction of, tli(‘ stnkci ol the Imsal rocks, iho core out of 
which they are formed will have its ht<U strikiiif.^ across the rcsultani 
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TJio main dillEerencfi is, that instead of being 
acted upon by (j<iual multilateral or cireulnr cotu- 
pression, the forces that upheaved the Wrekiii 
were dominant along the shorter axis. 

I'j.rplanatioii of W'FII. — ^Kig. 1 shows 

the whole compound structure comphite, as taken 
out of the compressor. 

Fig. shows tlie three toj) layers renK)V(‘d, tht‘ 
lower layt'i* namiining on the base bed. 

Fig. d shows the wh(3l(‘ of the layers or con- 
centric domes removed, and exposes the irregular 
surface' of the bast* b(‘d, with its oblique beddiiig 
having a high dip. 

'riu' dark surfaces are due to the black sand, as 
already ref€‘ned to. 

ofrii/ \<i. /•> (Plate XIX.): 'I'or.ston 

Sf r/fcf N /•<'. -'i’his experiiiKMit was conductcal with 
the ohji'ct of testing tin* possibility of torsioii 
struct ur(‘ ai ising from tlu' coui])ression of a coJii- 
binalioii of solid plates. 

It was discovtu'tal by the t'.xpcriment detailial in 
p. i:iS that a flexible developable surface of paper 
of octagon form, as illustrated in the model Plate X., 
on being conipix'sseil at the edges, developed a spiral 
movement in *th(' (-(‘litre, niadi* manifest by the 
movement of.tlu' attaeh(*d index linger. 

Tn th(‘ circumfeivntial conipri'ssioii of clay discs 
about to be dcscril.U‘d it was found in some cases 
advisahh' to initiate a desired movement by giving 

juit ioiitml. As to wlu-titc r tin* con? is foniu-d I'V liiultini: or ‘ mouldniir 
will ih'prml lartjft'ly upon its 
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the structure what I term, for want of a better 
name, an ‘ initial bias.’ 

Ill this case (Experiment No. 15) the initial bias 
was obtained by placing strips of claj^ of a tri- 
angular section upon the oiled metal bed-plate. 
These radiated in curved lines from a fixed centre, 
‘ which was eccentric to the true centre of thi> 
circle (see Plate XVTT., fig. 4). 

[Tpon this bed- plate with curved radial ridges, 
6, 6, oiled on upper surface, was plac(‘d a slu'ct of 
clay, \ of an inch thick, carefully moulded to the 
underlying ridges. This sheet was dusted over 
with very line sand ' and two otluH’ sheets supeV- 
liosed. 

The assemblage was ])laccd in the compressor, 
and was gradually screwed up until the base 
became 7'^ inch(‘S on the longer and 7^ inclu's on 
the shorter diameter. 

The upper part of tlu‘ structure, not being so 
much compressed, was somewhat larger than the 
base. 

’Fo determine the torsional movement (if any) 
that might take place, straight lines were ]n’icked 
across the surface of the model. 

Folds arose on the* periphery at Tour j)oints, the 
terminations of the radial ridges, b, h, h, b. ^l’li(‘S(* 
folds had overthrows to the left, and the finished 
modcil (Plate XJX., fig. 1) indicates a general s})iral 

' Tlu! aaud usctl thron^iout was ublaiiii-d iroui the wiiKhiiif's >iml 
siftings of "Inc-iiil clays of varijnis degrees of lincnoss. Tlio siirfac*<'s to 
be photogniplu'd wore al.so dueted over, as it was found tho ])iutnrcs 
caiJic ont better when so taken. 
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movement to the left, as do also the curvatures of 
the jiricked lines. 

The model is not easy to describe, but it consists 
of four inttirsectinf^ ovcrfold-anticlinals, or ridges 
which rise to their highest point at the locus of 
intersection. It may be called a ridged-dome 
uplift. The finished height is 3^ inches. The 
centre and the folds are hollow. 3’he dfunical lift 
h‘ft the initial ridg(‘s on the zinc bed-plate, their 
function being simply to give direction to the 
movement. The sharp bending of the folds has 
fissui'cd some of them at the ridges. 

: Fjxplaaatiioi of Plate XTX. — Kig. 1. !Model as 
taken out of the compressor, with the assemblage 
con]j)l(*te. Viewed from the side nearest the 
exceutric ccmlre. 

"I’he fold on the opposih? side (unseen) is more 
perfect in form, and is larger than that seen. 

Fig. 2. View with top ])late removt^d. 

Fig. 3. Vi(‘W of the hottom plat(^ or strjitum. 

Tt will he notic(‘cT that the folds of the bottom 
platen are in the instances given sharper and more 
abrupt than the t)verlying folds, the upper-layer 
curvatures being the (*asiest. This seems to be a 
general rule. 

Kjperhnent No. 10 (Platt? XX.) : Tjomjitad Inal 
or Linear Folding on a Cirenlar Plate. — In this 
t‘Xj)t‘rinient the aim was to discover wheth(‘r (;ir- 
cumfenmtial pressure was* conipj^tont to product* a 
longitudinal or linear fold. 

With this object the ‘ initial bias ’ was ])rovided 

N 
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by a slight con' of the shapt' rt^pivscntcd in lig. />, 
Phitti XYIT. Upon this were moulded, as in pre- 
ceding experiment, three layers of clay measuring 
together * inch thick. 

Oil compression this disc hecame slightly oval, 
the diameter on the line of the ridge iiu'asnring 
1) in., and that at right angles thereto S'* in. 

The apparatus was, of cours<‘, not scr<*w(‘d up to 
its full (‘xtt*nt. 

longitudinal fold was developed, and ('xtt'uded 
right across the circular platt's. One end of this 
teriuinatt'd doiuically, lik(‘ tlu' ridgi* on lead sink 
(Plate V., tig. -) ; the othi'r (MuI, t lu‘ nearest .to 
observer (fig. 1, Plah' XX.), termiuaU'd at tlic zinc 
belt against which it was truncat(*d. 

This development was due to i)cri})luMal fold- 
ing, whicli giMicralU occurred somewhere Ix'tw^'cn 
the handles of tlu' tanupressor. 

I’lie drawing in of tin* belt seems to causi* an 
une(pial pj'essure, and c<)use<juent s(|U('(‘/'ing or Mow 
of the clay to tliis point of the'circiujifereiicta 

Tlu' layers of clay as tlu‘y rose; in anticlinal 
form left the c(.)rt* on the zinc Ixal-plate.' 

A spiral movement to the left acconijianical tlui 
develo])ment of llu' fold. 

'^riiis experiment ch'arly ])r(;v('s that coina'rging 
prt'ssun*, such as is set up by e.\])a.nsiou on a. ris(‘ of 
temperature, is compi^teiit to produce a longitudinal 
or liiK'ar fold. <a>iTditions jjrc-cedent sta'Ui t<t 

In iidiiK* cii'.cs port ions of tin- fovc toc.-uno )iip)>rii in ami nirrifil 
lip with till- foM. 



I’f-X'I’K \1\. 
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be a weak lino in tlio strata and a large area of 
expansion coniparod with the thickness of the 
strata. 

Explauadau of Vlafe .V.V.— Fig. 1. Finished 
model as tMk(‘n out of the comx)ressor, showing 
truncation of linear fold against the zinc bfiiid. 

Fig. 2. ISEodel witli top stratum removed. 

Fig. 3. 15as(‘ stratum. 

Expcrunont 'No. 17 (Plate XXI.) : CompreHsion 
of Chuj Plafc monUlcfl ort'.r a Helicof (^or<;. — This 
may be designated a ‘ sporting ’ experijiient. 

A helical core was laifl down on th(' metal bed- 
plate, and a disc of veiy plastic clay, inch thick, 
laid upon and moulded to it (fig. b, Plate XVJI.). 

This liomogcMieoiis plate behaved in a singidar 
and unexpected maiimu*. On being compressed to 
the fullest extcait the machine was capable of, it 
became in gcnu'ral form like a ram’s horn, m(‘asuring 
7^ inclies on the longer diameter and inches on 
the shortia’ (see fig. 1, Plate XXi.). The periphery 
thickened from 1 \ to 2 inches, making the under- 
side of the mod(‘l C'uj)-shaped, averaging about 

inch deep. Tlie (a)il or Indix b(*e,ame rounded 
in .section, and a similar coil was developed on the 
undersidt*, appaVentl\' independently of the top one. 
In cross-section the two helices are anticlinals, and 
the hollow b(dwet*n a ‘ syiudiniil ’ ' (see tig. 2, Plate 
XXI.). 

Ijines W(*r(' drawn at right angh.'s across the 

^ Wlu‘ii tin* nioilel is i*t‘\ C'rscil tin* two Hliticliniils brpoiiu' syn- 
clinals and tlu‘ '^xnrlinal an anticlinal. 
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circle before compression, wliich after compression 
showed a spiral movement from left to rij^Jit, 
or in the opj)ositc dir<*ction to that of ])reoodinf^^ 
expt'riiix'nt. 

This model whs th«< n‘snlt of a series of complex 
movements very dilHeiilt to analyst*. It appeared 
that ilie ln*liea 1 form ^ave it ^^reat stri'iif^th to resist 
the circumferential pressurt*, which turned down 
and thickened the periphery of the plate, at the 
same time dt-velopin^^ tlu* helical folds and pro- 
ducing^ the cup form of the underside. 

Althou^di not simulatinpf any known eartii 
structure, it sliows what infinite possibilities (d 
chaii'^e of form by compri‘ssion jnay exist in tin* 
earth’s strata. 

Explanation of Plate XXI . — I is a view of 
the model as it came from the compressor, with th(< 
ammonite-looking^ coil developc^tl on top surface. 

It will be observed that the bottom rim is 
irr€*gular on tin* edge, which is pressed up in places 
in a ragged fringe. 

Fig. 2 . View of the n nftrr.sirte. The internal 
fold is part of the heli.x which was developed <311 
the underside of the model. It is the convex side 
of the synclinal. This view shows* well the turn- 
ing down and thickening of tlie periplieral rim. 
The rounded form of the cross-sec-tion of the ludi.x 
is evidently proiluced by fohling. 

To describe the* model in a phrase, it may be 
desigmited ‘ a helical folding.’ 

Experiment No. /« (Plate XXII.) : Sfnral FohU 
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.ing and Shearing . — Tho object aimed at in this 
experiment was to producte a domical ujilift by 
thickening iji the centre, which it utterly failed 
to do ; but the result was most interesting. A 
circular lenticular core, 3} inches in diameter 
and I inch thick in the middle, was placed on the 
oiled base-plate, and three layers of clay, inch 
thick, sejiarated by sand dustings as before, were 
successively moulded over it. A fourth was then 
put on and shaved to a level surface with a knife, 
as in section, fig. 8, Plato XVII. 

Lead weights embedded in clay at the base 
were tlnm placed round the periphery, with the 
object of keeping down the peripln?ral folding find 
forcing the (day to thicken in the centre. 

On screwing uj) the assembled strata in the 
compressor it was found impc^ssible to prevent 
peripheral folding, and after several vain endeavours 
to do so the weights were removed and a com- 
pound fold was allowed to devedop. 

After a certain amount of tightening of the 
band th(i whole series of four strata-plates sheared, 
and the portion of the series on the hdt hand of 
the shear overrode that on the right, moving 
spirally upwards and producing a clean-c-ut shear- 
plane. All this is well sIkavii in the photograph, 
Plate XXII. The i)erix)heral fold was carried up 
by the spiral movement. 

The length c^f the peripheral shear, measured 
when dry, was 7-^ inches. 

The machine was screwed ui? to its limits. 
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ri'siiltiiif^ in fi rocliictioii of tilt' l);is(* stiJitiim to 
7.'. inches on the lonj^cr and (r,’ inches on tho 
shorten* diainctor 7, Plate X\ ID. 

The underside of tlit* overridin^^ stn’it's was 
slickejisided concentrically with iht' periphery. 

The central part, instt'ad of keepin*^ down and 
thickening, rose very sharply on a dt'Jinite axis in 
an oval dt)iti(' ; and this a^ain jiartook of the s))iral 
inovenuait, heconiin^ at one t'nd, as it approatthed 
the tiju^httnicrs, what may he termed a spirally 
folded dome with an almost vertical sidt‘. 

In this t'xperimt'nt tlu* clay wa.s as stitf jis 
could he convt‘ni(.*ntty worked. 

'rhis ])roved one t)l tin* most instructiv'c t‘X- 
])eriments of the stn*ies, and sJiows tht' va.st 
])ossil)ilities of earth structure undta* c('ntripetal 
comprt'ssion-strt'ssi's va,rvin^^ in stj*<'n^th and 
tlirection. 

lii.rpJdiKihun of A A / /.- ( '('jupltdt'd modt'l 

as taken out of the (;ompr('ssor. , Jt shows th(' slnan*- 
])lane is of a screw or s])iral form. 'J’he strata to the 
left override those to tin* ri^dit, the ptaipheral folds 
heinj^ carried up on the tnid of tho. strata (shf)wn 
also in ii*^. h, Plate XXII.). Tlu* dome is folded 
on itself round the ap(‘x, tlu* surfac(' of the dome 
to the left hand Ix'in*^ much st(‘eper than that to 
the rif,dit. 'J’he h('i*,4it of tlu' ap(‘X is h}, incJios. 
Diameter of base, 74 and (e* inclu's rtisi)ectiv(;] y. 

'I his is ti'c.hnicafly a riolit-hand screw. 

/jrin//rn/ A'o. Jft . — It is unuect'ssary to 
<lescrih(- this experijiient, as tlu* )nodel was broken 
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up as soon as made, not being thought worth 
j)reservatiori. 

ExiH-riincuf No. (Plate XXII 1.). — A small 
h'litieular core with eight radial arms, as shown 
in lig. 1, J^late XXIY., was placed upon the 
oiltjd hed-plato. '^L'hest) radii were thicker at the 
periphery than at the centre, thus slo])ing inwards 
towards the centre. Upon this arrangement four 
layers of clay, averaging from ’ to 1 inch thick 
when comlhned, were laid and moulded, the layers 
being S(;para.ted by sand dustings as before (figs. 
2 and M, Plak^ XX IV.). 

On scr(‘wing nj) this assemblagt‘ in the (com- 
pressor, folds began t(j dcwelop over the' radial 
arms, increasing in amplituchc towards the ])eri- 
l)lu‘ry. Th(‘ centre Imgan to rise and the radial 
folds were carricnl up ^\ith tin*/ d(nrie. A line of 
weakness(‘s developed itself along the axis (i. 7>, 
lig. L, Jdat(' XXI V., which rose in a sharp ridge. At 
(*acli end of this axis tin* folds became complex 
oV('rfolds, and the ridge, subject to end pressure 
as tin* band tightened, became curved in plan. 

With tin* objec t of ascc*rtaining the structure* 
of the int<*rior of tine dome, it was when dry sawii 
across nc'ar tine centre at a slight angle. Tin* 
complexity of the overfold at one*, of the peripheral 
ends of the ridge is W(dl sjiown in fig. 1, Plate 
XXI II. 

'Tin* ct*ntral folding of ^lie four layers as 
disclosc'd by the saw-cut is’ shown in tig. i2, Plate 
XXII 1., and it is rc'inarkablo how ]H*i'fectly they 
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are bent, retaining an even thickness witliout 
fracture. *l*his is an example of the remarkable 
strength pi»ssesse(l by a cU>ine structure, as each 
layer was not more than ] inch thick. Although 
the clay was quite soft, each layer acted indepen- 
dently of the other, the outer layen- rising the 
highest and a cavity occurring between them. 
These points are well shown in fig. ‘2, Plate XXIJl. 
The section was sawn with a small hajidsjiw when 
the model was dry. 

KxjtlanittliiH- of Plate Will. — Pig. 1. View of 
the c^ompleted model us taken out of the compressor. 
The complex overfold, the curved ridge or axis, and 
the final form taken by the radial Hanking folds 
explain themselves. The bast* plan was 7^ ^ 0^ in. ; 
the ridge, in. long, overhanging th(‘ compressor ; 
apex of ridge, ^1 in. high. 

Pig. 2. View of section sawn across the ridge of 
donu“, looking at it from the same direction as 
Pig. 1. The sharp curvature of. the base stratinn 
is here well shown. 

EXPLAXATTON OF PLATE XXIV. 

Figs. 1, 2, 3, — Diagram^, explanatory of Exptn’iuiont No. 20, No. 1 is a 
plan showing mdial arms and rentml boss U) giNt? ' initial bins.’ Fig. 2 a 
.section on line rt h. Fig. 3, elevation of the peripliery. Sec* Flute XXIII. 

Figs. 4, and 0. -J,)iagrams exidaiiatory of Experiment, No. 22 to 
illustrate spiral sliearing. Fig. 4 shows in dotted lines the original .size of 
the dise of c\n.y; the firm lines sl>f>w' plan of same after eo?n]»resRion. Figs. 

and fi are side ele\ations, showing the screwing rounil and spiial slicmiing 
r»f the plate liy cirenmferential^jompresHion. See Plates XXVI. and XXVIl. 

Fms. 7, H, y, and 10. Diagrams explanatory of Ex]>eriment No. 23, 
showing the several phases of stTiral shearing of a homogeneous clay disc 
acted upon hy the cireuiTiferential compressor. For detail.s see descri]»tion 
of the Experiment No. 23 and photograiihs, Plates XXV 111. ami XXIX. 
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Exjjenmeiit No. (Plato XXV.).— This was 
practically No. ‘20 repeated, but with more pro- 
nounced radial arms, seven in number, havinj^ a 
greater initial slope towards the centre. Two 
layers of clay, in. thick Ctach, were moulded over 
the radii as in No. 20, the surface being sand- 
dusted. 

The result was a very decided peripheral fold- 
ing ov(‘r the radial arms, hkw'h fold was a more 
or less perfect ellipsoidal truncated dome, the longer 
axes being radial. The centre over the lenticular 
core rose in a small axial dome or boss, from which 
the radial folds were separated by synclinal hollows, 
excepting in one instance, where th(> central uprise 
bcicame an irregular continuation of a radial fold. 

There was a tendency to lift at the periphery 
on screwing up the apparatus, instead of a general 
doming up of the whole assemblage as in previous 
cases. 

’^riiis c^xperimei\t is a purely artificial one, made 
with the object of analysing tin* movements of clay 
jdatt's under certain exce])tional conditions. They 
may never occur in nature. 

Kj-pliuottion of Vhfle .V.V P. View showing 
peripheral folding in the form of truncated ellip- 
soidal domes radially arranged. 

^riu‘ axis t)f each fold, of which th(*re are seven, 
is irregularly^ radial. 'IHie small domical uprise in 
the c(‘ntre is seen. 

K:rino’i})}(‘nf No.)22 (Plate’s XXVJ. and XXVII.) : 
Spiral ShrnriHf/. — A single plate of clay, j in. thick, 
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was placed in the compressor. No bias was intro- 
duced in any form, exc(‘i)tinjnf wliat mi^^lit naturally 
have come about in rollini>f out the clay. 

The result was most asto)iishing. On drawin^in 
the band the clay be^an to shear and screw round 
on a spir.al shear-plane of low inclination. As the 
screwing up proct'oded the uppt'r ])ortion rotated 
rapidlj' to the ri^ht over the lower portion until the 
.shear-plane measured inches on the periphery, 
^[’he upper surface assumed a truncati'd domical 
form, the pointed end of the st rew beiujj;' 8 inches 
hij^h above the metal base-plate (set" H^s. 4, o, and (5, 
Plate \XIV.), 

The undersidt" of the overriding platt" is beauti- 
fullv slickensided. 

The circumference of the ])late bt'fon* compres- 
sion measured ft. in. After coiiipn^ssion, 
1 ft. lOj in. = (lifference S in. 

'riie surface of the top was in many plact's 
sheared into thin layt'rs in spira.l dir(*ctions follow- 
ing the main slu'ar. 

Tilt! clOiy in th(> last threti ex]^(‘rinients was 
rather soft. 

This was a Jii(>st satisfactoiy and instructive 
ex])erinient, dt'jnonstrating th:it massive beds re- 
sponding to centrif)etal pn*ssnr(‘ mider certain eoji- 
ditiojis sh(*ar in spirals. A combination of thin 
lu*ds subjected ttj sijnilar pressurt" would, as we havi", 
seen, and will st:e again in Mx])erijnent No. -JM, 
develop pf*ri]dieral ft)lds btdore sht'aring. 

This was technically a right-iiand screw. 
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Erj>lanati()n of Vlaies XXVI. ami A'A'ITJ.— 
Plate XXVr. View showiiif^ the movinf:^ thin 
edfje of the overshear, whieh is beautifully slicken- 
sided on the underside. TJie clay plate where not 
sheared now measures inch thick — that is, it has 
undergone a thickening of ^ inch. 

Plate XX VII. View looking towards the point 
of tlui ov(‘rshea,i‘, showing the unslujart'd clay plate 
forming the base and tlui ])ortion of the overriding 
(ilay, or ‘ oecr.s7/my,’ where it has lt;ft the ander- 
sln-nr and b(‘en carried forward to tlu> right bv the 
p(‘ri])hera.l movement. 

Ejperi meal Xo. .7.V (Plat<‘ XXV If.): Hfural 
Hln'aring {((utli niK'd). — A homogeiu'ous plate of 
clay, somewhat stiffer than in Kxperiment Xo. ‘22 
and Ij inch thick, was pr(‘pa)’ed and put into the 
com])ix*ssing l)and. 

On screwing up tlu' clay began to thicken and 
slu'ar frr)m the pculpluny to thi‘ centre, opposite 
tlui tightening-screw, as shown at c in diagram, 
fig. 7, Platt' XXIV. 'I’liis developed into a convex 
rise as shown at t/, lig. S. At tin' saint' time a 
lunette anticlinal bt'gan tt) show itst'lf at c, lig. 8, 
ft)llt)wing the periphery, and the t)vt'rshear bt'gan 
to lift. Tlie spira.l jntm'inent was in this case to 
tlie left, or in the oppt)sitt' directitm to that of tht' 
prt'ta'ding experimt'iit. 

Pht' thirtl plias ', as, shown in diagram, Mg. 9, 
was an intensified ft)rm of that exhibited in 
diagram, Mg. 8. 

Finally tht' shear-plant^ became wtdl developed. 
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ixs shown ill Plutos XX N III. niid XXJX., tho point; 
of the spiml vising oj inches nhove tlu‘ base. Tin* 
ovorsheur and tin' undersheur wert* well slickensided. 
The shear was more abrupt and not so n'j^oilar as 
Experiment No. *2*2. 

The underside of the eompressed disc of c2ay 
was found to be a volute-fornn'd hollow, the n'sult 
of combined compression and torsional movement, 
the ('omplement of the coiivexly screwed up[)er 
surfaci'. 

The tiuished bast* 10, Plate XXl\\) 

measured wlnui dry 7 liy O 4 inches. 

I'j.rpl(f ntif/On of P/(ifrs A A \ III. tun! A A /A.- - 
Plate XXVIII. .V j)hoto^oaphic view of tin* 
finished model as taken from the compressor, 
showing tile surface form assumed by tin* dis<; 
and the upper surface form and rise of the ov(*r- 
sliear, together with tlie numerous minute scr(*w- 
sliears which developed on the surface of the clay. 

Plate XXIX. View of the, same model taken 
from a point opposite the shear-plain*. 

The original plati* of clay thickened about } in., 
one of the results of comprt'ssicai. 

Kjprrinienl So. :ll (Plate X.XX.) : Spiml 
Donticnl Oiuo'fohL -Thret* j>hutt*s of elay, avt*raging 
tog(*ther inch thick, or { inch each, were laid iijion 
three small lenticular oores arranged in the form of a 
triangle on the im*tal bed-j:)late ; but these cores did 
not seem to influence tht* movements. 

Oil screwing up a fold began to develop near 
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the tightening-screw, the centre jind plate generally 
rising as a dome. 

The result may l)e described as a peripheral 
overfold-doiiK*, the domical fold rolling over, with 
beautiful regularity, during the screwing up of the 
band. 

The overfold-dome is well exhibited in the 
view (Plate XXX., fig. 1). 

The perfec.tion and harmony of the movement 
of the clay plates in adapting themselves to the 
new conditions and complicated bendings and 
bucklings are shown in tig. ‘2, which is a saw-cut 
section along a line a little oblique to the shorter 
axis of the oval. 


'riiis experiment provcis very clearly that the) 
centripetal luessurc, and consequent reduction of 
the radius and circumfcrtmcaj of the (original discs, 
are Tuet in two ways : the radii, being shortened, 
ar(‘h up in dome form, and the reduction of the 
circumference l)rings in })eripheral folding. Tlic^ 
result is a spirally folded doim^ 

E.vpianalioti of Plaie AW A'. — Fig. 1. ^h'ew of 
model as taken out of the compressor, showing the 


])eripheral overfolding of tlu‘ dome. 

Fig. 2. Kaw-cut section across the dome looking 
frojji tlu* same direction, or roughly parallel to the 


overfolding. Final siz(‘ of base, /y in. x (j.j in. , 


height, dj in. 
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CIIAPTEl^ XYI 

WIIAT THK EXl'KRIMKNTS TN C’l UCUlNfFEUENTIAL 
COMPHESSfOX TELE I S 

T he expomnoiits clescnbed in tlu* pr(‘vious 
chapter enahle iis to undt'rstaiid the tdft'ct of 
iiniltilatoral pressure u])on an assemblage ol diverse 
and bedded strata.. 

rt has been shown clearly by more than ojie 
geologist that such multilateral or, as i term it, 
circumferential compression has taktui ])lace in 
nature. Eroin these diverse lateral j)rt“ssnres some 
extraordinary effects havt* resulttal, such as the> 
spiral twisting or screw movements of bedded rocks, 
similar to those recorded by Mrs. (lordon, D.Sc*., in 
her very clever paper on ‘ 'Fhe ^rorsion Structiirti of 
the Dolomites.’ ' 

I have, r think, shown both in ‘ The Origin of 
Mountain l{aiig(‘s ’ and in this work that all tin* 
tangential iriovements of comi)ression*in the earth’s 
crust are, in a gr(‘at(*r f)r less degTec*, multilateral. 

From what(^v(!r cause this multilateral c(mipres- 
sion aris(*s, it is guided in its effects by the existence 
of lint *s of resistance jfnd of W(*akness. \V(‘ havt* seen 
that the provision of some simph* contrivance to 
' 0- -E a. .S'. Is'.iu. pj». ■,«() r;i:{. 
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give what I hav(*. cjilknl an ‘ initial bias ’ to the 
11 lovemeuts often makes a wonderful change in the 
form of the model that comes from the compressor. 

In the case of the .Dolomites and similar moun- 
tain structures the multilateral coinjiression is, as 
we may say, focussed or concentrated in a com- 
paratively small area, though it may originate in a 
large one. 

Tin? t'xperiments have satisfied me that pres- 
sure in three directions at right angles to each 
other — for this is what the comjiression resolves 
itself into — is competent, under conditions that 
inay tsisil}'^ hajipeii in nature, to produce a vast 
variety of unexxiected forms. These forces iiiay he 
conct‘ntratt‘d in a small area, jiroducing a rocky 
whirlpool, or may b(‘ spread out and taken up by 
long folds, which may seem to he the result of 
simjile unilatiu'al or bilateral pressure. 

When W(‘ investigate the individual folds of 
strata which have been subjected to lateral pres- 
sure, we tind them hi their undisturbed forms to be, 
almost without (‘xception, boat- or canoe-shaped, 
jiroving, as 1 have frecpiently pointed out, that tht‘ 
])ressurt‘ producing them has acted centi'ipetally — 
otherw ise niukilaterally. 

The axis of a mountain range is stddom or 
never in a straight line. It curves and sweeps 
round to right or left, as the case may be, tlie effect 
of forces acting in the dlrectioii of the ma jor axis 
simultaneously w ith those acting transvt'rsely ; or it 
may be, and oftt*n is, crescentic in ])lan. This is 
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the f?eiieral rule, but exceptions can be <iuoted 
where the lateral pressure lias acted <*ircinn- 
ferentially more equally from the surroundin'^ 
area. Stefani, in his mono^^raph on the Apuan 
Alps, says that the most simple folds in their more 
regular (‘ourses answer to ellipsoids, and the 
horizontal sections of their strata to ellipses, but 
that the folds often bifurcate and ramify with the 
utmost irregularity. The horizontal course of a 
fold may deviate in all possible directions up to 
right angles. It may turn to the same part of the 
horizon from which it starts, and describe a semi- 
circular, or hors('shoe, or any other curve, even 
having a very short radius. In a vertical direction 
a fold may divide in every possible way — that is, be 
inverted on one side of a region, or in an opposite) 
direction in another, or elsewhere becoim' vertical. 

The predominating direction of the folds of the 
Apuan Alps is, however, in the direction of th(‘ 
meridian, whore the prevailing compressions show 
themselves ; therefort' the compressing forces had 
the principal, but not tlie exclusive, direction of the 
parallels between east and west.^ 

If the lateral forces have a dominant parallel 
direction, the axis of the range will be apprf>xi- 
matelj'^ at right angle's to thejn. Once a linear 
folding or corrugation is established, it strengthens 
the strata enormously as against an end-corn press- 
ing force j hence the distortion of the individual 
folds in the efforts of end cojupression. A careful 

^ ilvfjih A.1in. MA'piifOie, 
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study of the models from the compressing-band 
and the accompanying descriptions Avill enable us 
to nndorstand more clearly the (iffect of multi- 
lateral compression on cuhicial masses, as differ- 
entiated from the unilateral folding of sheets or 
bars. 

It is a mode of investigation calculated to 
teach us much of movements of a complexity 
otherwise clifficult to follow.’ 

' lacing invited by ih(3 Cotteswold Field Club at one of tlieir ex- 
eursioiis in 1902 to giv<‘ my views of the origin of tlie Woolhope 
Dome, I reproduce lien^ what I then said, as it bears directly on the 
subject of this chapter - 

‘ Imagine a groat thickness and (»vtent of horizontal strata, subject 
to compression eithta* by internal expansion or outside pressure. 
Mechanical reasoning as well as experiment shows that when the 
pressure n^aehos a critical point the strata will give way by folding in 
th(' weakc'st places, 'flu se weakest places I have satisfied myself by 
experiment are iletermiiied mainly by the form an*l inecjualities of 
the floors upon wliieh the strata ba.\ e hecMi deposited; lienee the folding 
may take a circular, an ellijitical, or a linear form. Pnit whatever 
form it takes, sections in any direction will show the becbling more or 
less curved. 

‘ If the plan of llie uj)lift he a circle or an ellipse*, two sets of sli'esses 
predominate tli^. radial and tin* peri])hcral. The radial pressures are 
rf*lie\ed hv the uprise of the strata in ilomical form; the l>eriphcral. hv 
folding or shearing, 'riiis is th(* inevitable result of the reduction of 
circuiuf(*reiitial girth. unli‘ss, indeed, the pcrijihcral portions could 
give way by simple thickening, which is unlikely, hot us apply these 
principles to the Woolliojx: Dome. There are positivt* t*\idences of 
th(* uplift b(‘iiig du<' to eonv(*rging pn^ssure. T^lie axis of the dome is 
nortli-west and south-east, ^It is pear-shaped, the convex bead of 
the p(*ar bi'ing to 1 1n* nort h-u est. In aceonlancc with tin* priiicipb^ 
enuneiatetl, a reduction of llie circiunference by folding has taken 
place. Tlie one inch to the mile g(‘ob.^gieal map shows this el(*arly 
l>y the hori/onlal folds therein depicted. This horizontal movement 
is further em])hasised by the fault xaitling the head of the pear, whicli 
strikes in a north -casterl\ direction, shifting tlu* rocks by a horizon- 
tal llirow. • 

‘The ^raUcrii folding, lying to tlie east of the Woolhope Dome, is 
on a nortli and south aligmiKUit, no doubt infliuaieed by an earlier 
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Not only may folils be screwed round by 
differentiated multilateral pressure, but the tor- 
sional movement may expend itself in spiral shear- 
ing. The movement may commence in folds, that 
gradually work round the axis until fracture takes 
place and the screw shear-surface is established. 
Nor jiiust it be lost sight of that the folding and 
faulting met witli in mountain ranges are not all 
of an age. If in one stage c>f the building the 
strata are tightly compr<‘ssed by folding and lateral 
pressure, tlie next set of pressures can only find 
relief in overthrust faulting, 'riiis is well shown 
by Ktevenson in a paper on ‘ The Faults of South- 
west A'irginia,' ’ where two faults occur having a 
maxiiuum length of JdO miles, tlit*ir vt'rtical 
throws varying along tluiir res]>(‘ctive lengths 
from 10,000 feet to 500 feet. Fifteen faults are 
enumerated, and between them art* often found 
sections displaying the well-known canoe-shaped 
ov(*rla])])ed anticlinals and synclinals which distin- 
guish tin* Appalaoliian folding. 

^loreover, the faults in tht*ir courses do not 
follow straight lint's, and many of t.ht*ni, notably 
the Saltville fault, t*xhibit a total indiffert*nc(* to 


<lisplaf*ptiu*nt iin<l tlK* form i)f tlio roc*k*H<H)r upon tho Silurians 

Mi'To laid down. a"aiii hnrizontul folds, diu* to pressure acMiii^ at 

ditfortiu aro to be Ira^od. Thus it is sem ihnt uplifts haviii" 

didorent oxial tlireotions may takt* places conteiiiporaneonsly and at 
iio groat distanoo fiom each otlior. ^ 

* Jlio questions iiiAolvod arc very intricsitt* and most ititoro^^fing, 
but as a gf-neralisatioii I may i»ay that, takoii on a inoro extended soalo 
the greai formation.s lend lo.ss to asaiinio domioal forms.’ 

* Anuriran Ji^rnal of Srirnce, vol. xxxiii. JHH7, pp- 70. 
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that of the anticlinals and the strike of the 
rocks, 

Stevenson from thesti veiy practical observa- 
tions infers ‘ that the faults are of later date than 
the system of folds, and that they may have been 
prodiic(id at a time, possibly, as latti as the era of 
^lesozoic disturl)ance Jiiarked by dykes throuf(hout 
the Triassic art'a of the Atlantic borders.’ 

Ke^^ular symmetrical ellipsoidal foldin^^ is, I fully 
believe, the result of conver'^ing pressures actiiif^ 
simulttineously. Tfc is <[uite im])racticable to 
ima^im; that thcs(5 curved forms can be the 
product of two sets of forces actinjy at dillerent 
times. Tlit^ first j)arallel folding* would f^ive such 
a strenj^th to the strata that any pressure t*ner- 
^^^‘tic enou^jfh to mov(‘ the rocks in a direction 
normal to the first hddin^’ would inevitably end 
only in fracturt‘ and dislocation.' 

In ‘ A Report on tlie Geolo'^ical Structure of a 
Portion of the Rocky JMountains ’ Mr. R. (-. 
]\I(*(’onnell gives a very inter(‘sting section (*x- 
hibiting several types of mountain structure.- 

‘ Lord Avebury, in his cliMi iiiiii^ book on The Srrnenj of Entjlaiuiy 
and the CanacH to irhirh it /.s* dnt\ refers to the eross-lbldin^ of the 
Alps, and explains it as ilie result of two forces aetiiifj: simultaneously 
at rif^ht an^^les to each other. Two force's acting tlius woubl praeti- 
eally resolve theiusolves into multi lateral eonipression. This, 1 ven- 
lure to think, points to expansion as the eaiise of the pressure. Tlu‘ 
illustrative diagram does not aeeurately represent what would take 
place in a sheet compressed h\ two foree.v. at ri^ht an*^les to t‘aeli other, 
as is ]n'etty well ])ro\(Hl by tlie coiiipressi\ e experiments already 
recorded in th(‘se ])af^es, hut it illnstratoK Lord Avebury’s meatiinj'. 

- Grotofjira! and Natural Hintory Surrey of Canada. Pt. D: 
Amina 1 lleport, 

O 2 
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This section is from west to east, in the 
vicinity of the (^anadian Pacific Pailway, and near 
the fifty-first })arallel. Its len^^tli is about sixty- 
three miles. The Pocky Mountains in this latitude 
‘ a.re divid(*d by radical differences in structure 
into two distinct jj^eolof^it-al provinces, the lint' of 
division beiiif^ lu'arly coincident with the western 
base of the Sa whack Pau^e.’ ^rin? ref'ion east of 
this line has be(Mi brokt;n by a number of nearly 
parallel fractures into a series of oblong oro- 
graphi(^ blocks, which have bi'en tilted and pushed 
one over the other in the foi'in of a westerly 
dipping cojjipound monocline. There are seven 
principal fa.ults in tin* district examined, and six 
well-defined blocks, n'sting upon one another, in 
regular succession from west to east. 

Tt is inferred that the thrust producing thost* 
movements and dislocations cam<‘ from tin* w<*st, 
and must liave been liighly (nuMgetic, as some of 
the breaks are of huge proportions, accompanit'd 
by displacements of many thousand feet. 

The tilt(‘d blocks loriii a s(‘ries of nearly 
parallel ridges, somewhat resembling the stnudure 
of the (rreat Basin, though ai-ising from com- 
pression and OIK' block overriding* another, and 
not, as in tht*. (irt'at Jfasin, from sucecssi\'»‘ down- 
throws. 

• 

J he section shows (-^xnibriau and 1 hjvonian 
rocks sup('rim])osed* uj^on tlu' Ch’<*taceons (d' the 
footlnlls, with, in on^* case, an estimated vertical 
<lis])lacenK*nt of 1 o,()(K) fee,t and a liorizontal move- 
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iiieiit of the Cambrian beds of about seven miles. 
The angle of inclination of the thrust plane to the 
horizon is very low, and in consequence its outcrop 
follows a very sinuous line along the base of the 
mountains. 

In the western part of the chain, between the 
Sawback Range and the Columbia, the structure 
is entirely changed : no reversed faults have yet 
been r(5cognised there, and ordinary and overturned 
folds play the most important rule. 

‘ ^riie constituent formations of the two regions, 
as well as their structure, are very dissijiiilar, and 
some of the formations when traced westwards 
become gi*eatly changed.’ 

Here 1 must be permitted to digress, and point 
out that this stiction of the Rocky Mountains only 
emphasises tht? (jonneetion of great dynamic*, 
inovc'inents with sedimentation. The section of 
th(i West(u-n Province shows a thickness of ‘ 23,000 
feet, tiie gr(^it(‘r part of whicjJi is Cambrian. 'Fho 
Kastern Province has, in addition, a scu'ies of rocks, 
including the* C’rc^taceous, rc'sting u])on the* Cam- 
brian and c^ombiiK'dly estimated at 18,000 fc'et. 
These great lateral movements were, of (*ourse, 
post-Cretaceous so f&r as the Eastern Province is 
concerned. Probabl 3 " the C-retaceous rocks origi- 
nally covered the Westenn Province, and have been 
since swept awa^" b^*^ deiijidation. 

It is also probable that the movement was 
multilateral, the dominant force acting from the 
west. Mr. Mc.(k)nnell concludes thus : ‘ The i)ortion 
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of the liocky Mountains exaininc'd in the construc- 
tion of the accoiiipanyiiifj: section is thus cha- 
racterised ill its eastern part hy a series of ^roat 
fractures and thrust-faults, in tlie <*entre by broad 
sweeping' folds, and in the west hy foldinj,^ and 
('rumpliiiff, accoiupanied by tlie development of 
cleavafje planes and a limited amount of meta- 
luorphism. 

* Among its other more important features may 
also be noted the abstuice of recognisabh^ un- 
conformities, the absence <»f any of the older 
crystalline schists, thi‘ rtdativcly smaller amount 
of disturbance in the central parts of the range 

than towards the edges, (he want of similarity 

■ 

in th(‘ se({uence of tin* formations (‘ast and west 
of the axis, and the marked preponderanci* of 
calcareous beds between tin* Middh' (’anihrian 
and the Cretacu'ous.’ ' 

Plate Xo. XVTIl,, rt^pri'sviiiin^ the e/lect of 
simultaneous circumferential compression on two 
systems of rocks, oik* — the basal systiun — having 
been f<dded or sheared at a foruK'r tinu* and since* 
denuded, tht^ upper seri(*s being sedimentary beds 
laid down upon the basal series, (uiablos us to 
understand the diJferential effect of simultaneous 
pressure on two such systiuus. The basal series 
become more compressed and distorted, and this, 
if the compression were continued, would be likely 
to end in fracture and^shear-ijlanes. These thrusts 
are eminently characteristic; cjf rigid strata that 


' l’. 40 I>. 
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have suffered from intense pressure. The upper 
series are not rigidly bound, and the pressure 
expends itself in folding. As already pointed out, 
we must discount the effect of the domical rise 
which in our models leaves vacuities b(‘tween the 
individual domes, for in nature gravitation would 
keep the strata practically together as solids. 

In a memoir of the Geological Survey of India 
on the Physical Geology of the Sub-Himalaya of 
Garhwal and Kumaun, C. S. Middlemiss gives a 
numb(‘r of interesting sections across the sub- 
Hi niiilyan zone in which the hade and succession 
of reversed faults seem to point to the dominant 
pressure having acted from the north.' The 
crescentic plan of this mountain system, with its 
concavity to the north, would seem to favour the 
same conclusion. How far the pre-Tertisiry beds 
were fc>ldod before the uplift of the Himalayan 
system is too complex a question to enter upon 
liere. Divwrgence of strike in the folded regions 
no doubt points to prc‘-Tertiary compression, but I 
must maintain tluit tht^ system as a whohs is 
'^Fertiary. As Dr. It. D. Oldham penetratingly 
observes, ‘ the occurrence of marine numinulitic 
beds at a height of many thousand feet on the 
north face of th(‘ main snowy range in Huiides, 
and at a lieight of ‘20,000 feet in Zaiiskar, shows 
that the ekivation of tj.iis part of the Himalayas 

’ Siipss is of opinion tlint thcvo lists been in Asia a general niovc- 
iiiont of rock-inassos towards the sontft. For a snmiiiary of his views 
sec lliatovtf of fTpo/o/y//, by Von Zittel, translated by Maria O^ilvie 
Ciordon, D.Se. 
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must have taken place entirely within the Tertiary 
period.’ ' 

Mr. ^liddleiuiss has done nio the honour to 
devote several pages of his memoir to a discussion 
and attempted refutation of m3' theory of mountain 
building. He cannot accept, for one thing, the 
central fact npoji which it is founded, viz. the 
connection of niountain building with j)rcvious 
sedimentation. ^riiis is disputed b3' veiy few 
geologists. Hall, Hana, and Ijc Conte had 
pointed it out before 1113' time, though tluw failed 
to see tlie true relation as eiiiise and elTect. I do 
not propose to go into details here, but will Juerely 
observe that ]\Ir. Middlemiss, when he thinks he 
is ‘ heating a corpse,’ in some curious wa3'^ mis- 
understands the ph3'sical question involved. 

With these remarks t must end this cl)apt<?r. 
M3^ desire is not to enter into controv(‘rsy, but to 
state my views clearl3', so that g(*ologists niay bo 
ill a position to test their validity, t know full 
well that we can onl^' hope to arrive at partial 
truth. 

What there is of value in these pag<‘s will la* 
separated and preserved by the imjiartial hand of 
time. As observations are miilti plied and recorded 
future geologists will possess a far broader basis of 
facts from which to di'aw their conclusions. 'I’he 
subjec.t is so new and the innumerable relations 
so comjilex that it will doubtless be long bofori*. 
anything likt‘ unanimity is arrived at. 

. ^ A Manuffl f>f the Geolotjn of second edition, p. 477. 
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INSTANOKS OF THE 
ATlVrOSPHKHIC 


EFFECT OF EXPANSION DFk TO 
CHAN(iES OF TEMPEKATUEE 


1 ^XPE1{I]^jX( 3E proves that most important 
chan^^es are goiiif? on around us of which 
we perceivt' ordinarily no indications. 

The linear dimensions and volunn; of every sub- 
staiKje ar(‘ in a continual state of ilux and reflux 
with every change of teinjaTature. Itis^ only when 
these movements alle(;t us ])ersonally that we pay 
much attention to them. I have (jolh^cted a series 
of examples of tin; way atmospheric changes of 
tem])erature may interfere with our conveniences. 
Euf^ineers havcj to j)ay special attention to these 
points, as tln‘ sma-ess or failur(‘ of their works is 
largely deptuident u})on the provisions which are 
made to meet them. 

The instances I am about to quote are in 
continuation of (chapter ITT. of ‘ ^Phe Origin of 
Mountain lianges,’ and will help the reader to idealise 
what an important ])art variations of ttunperature 
must play in the reactions of* the heated interior 
globe upon th<‘ ever, but slowly, changing litho- 
sphert‘. 
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Expannion <>/ Eireets — Lifthuf of Street Par- 

— ‘A street in Terre Haute, Indiana, had been 
paved with briek tive years tlie joints being 

grouted up. I’he work was partly done during the 
winter and was finished in (‘arly spring. The 
foundation was of brokt*n stoni*, S inches thick, 
above which was a layta* of sand ‘2 inches thi(;k. 
At the end of last Jtil}' -therinoineter at JOG” F. — 
a section of the pavement rose like an arch from 
its foundation, and though water w{is turned on to 
it and openings made to lot out any possible 
accumulation of gas, it maintaim'd its position 
unaffected. \Vhile this was being repaired another 
section rose in a similar manner, with a loud report, 
to a height of 7 to 8 inches.’ ' 

Effect of Hot J)ai/}{ on donrrete nmt Aspluil.te 
EootwalJxii (t ml iUtnuKH'-ivaijs. — Mr. (*. K. Strachan, 
C.bk, says : ‘ It is no unc*ommon thing to see the 
surfaci‘ of an asjdialte })ath raised eiosswise iji an 
irregidar line, as though a small ti>o-root were 
under it. In every case where tin* asphalte has 
been uncovered at tbest* pfiiuts by the \M iter he has 
found the concrete crusted.’ This (‘Ih'ct is juost 
marked on hot days. In sonn* bjid by him in 
C Indsea tbe numbc‘r (»£ tlu*st* ridgi's in tlm hot 
weather of June was most astonishing. ‘Shortly 
after midday th(.‘y were most pronounced, and 
towards night the^’ were less })i‘ominent.’ H<! 
mentions kerbs in the^ City fis being displaced from 
the perpendicular by pnissure of the conendtj of 

Nature, bopteinber JJ, 1890, p. rpiotcd from Enginri-rintf. 
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the carriage-way and footway, also duo to the sun’s 
rays.^ 

Linear Lspainnon . — The effect of hot weather 
upon steel rails is w(‘ll known, for hardly a suininer 
passes without some inconvenience to railway 
traffic being recorded through the buckling of tlie 
rail tracks. The following are a few among 
innumerable instances : — 

Trai/is blocJied at J^reacoi, LancafiJiirr, o/t the 
Jjoudon (uul North-Weateni Itailivaif . — ‘ So intense 
was the heat (June Iff, 1887) in the afternoon that 
some of the rails between Jluyton and Prescot 
becairie twisted, and for a. time i)ut an entire stop 
to the whole of the traffic between Jjiverpool and 
the stations going North.’ - 

A well-known railway caigiiieer (chief) writes to 
the ‘ FjUgiiK'ia’ ’ (July 15, 1887, p. 4U) : ‘ 1 am very 
busy with tiu* line tliis hot weather ; in miles 
‘12 rails have bad to bt* cut off 4 inches —that is, 
i t feet in al) — and if tei wards as equably divided as 
])ossible. One of my best inspectors declares that 
steel rails grow.’ •* 

A Creep of Tta it s . — ‘A permanent- way engineer 
says that in coiise(juence of introducing fishbolts 
that reipiii’e to be screwed uj) very tight BOO yards 
of railway were rendered impassable by buckling ; 
now the fishplates are loosened he is threatened 

’ .Inly so, 1SK7, p. l.'Mi. ^ 

" Lircrpiml Unih/ Ptn<f. .lune 14, 1HS7. 

' It is c'ctreiiioly j>rob:ibl(* tliat tho mils may snlTer pennanont 
rxtonsion, us we see lejul. ami even concrete, does. 
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with a creeping line that will jam up the joints at 
the bottom of the hill.’ * 

Hails in Ttulia and Australia. — (rreat difiicultit^s 
have been experienced in these countries from thti 
rails buckling in hot weather. Spring washers are 
used to give the rails play and allow for ex])ansioii.“ 
Permanent Tjenfjtlieni n(f. — In the ‘ Geological 
Magazine,’ Januarj’ 1888, p. ‘2(5, I have described 
the ellect of alternations of temperature on terra- 
cotta copings set in ca'inent. These copings are 
on fence walls enclosing the l)uilding plots, and are 
exposed uj)oii all except the und(‘rsides to the 
vicissitudes of the weather at 131undellsands.' 
There are many examples of permanent lengthen- 
ing of the copings, for wliich I can find ]io other 
explanation* than the effect of the sun’s rays. 
Where what is technically calltul a rani]> that is, 
a curvt'd portion of the coping connecting two 
different levels - 0 (^<'urs, the effect of tin* lengthen iiig 
is plainly seen by a lifting of tin* uppca* ])art of tin* 
ramp, and often a considerabh* length of tin* coping. 
^Vfr. John i). Paul, Jb^.G.S., writes to say he has 
observed the phenomena, in many places in 
J^eicester, and kindly sends me a })hotograph of tins 
ramp of a coping similarly alTochal to those 1 hav(* 
described at Hluiidellsands. Mr. Paul indej)en- 
dently gives the sameK^xplanation that J do. 

I have since made a good many observations, 
and find that ajspreeiahle lengtlnming takes place 
in spells of very hot weather. The curious thing 

' Jintfineer. July 1, 1887, p. M. 


‘ Jhifl.. April <>, 18H8, p, 'llo. 
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IS that ill soiiio casos the ‘ ’ ^oos on after the 

coping has lieeii tiakeii off and rc^set several times. 
'^I’hci phenomenon, tliou^h eonnnon, is not universal, 
and I know of one ease of a lon^j; wall where the 
fortje of the ex|)audinf^ coping has been so f^reat at 
one end as to fracture the wall below, while the 
otlmr (Uid is apparently iinalTected. In another 
case the expansion li.as betin so re^^ularly distributed 
that it is ml at tin* eiuitre and f^oes on increasiiif^ 
towards eitlnu- end, bein*^ prettily shown by the 
shearin^.^ of the inorta,r bed of the corbel bricks 
where the; co])inj^ rests upon them. 

Some of thos(' c<)])in^K J have watched for years 
siiK-e they wme first s(‘t, and have followed the 
initiation and gradual liftin<^ of th(‘ cojiiiif^ at the 
h(‘ad of th(^ ranij). In one case it was lifted off its 
))t*d I iiu'h vertic-ally before, the jiroprietor had it 
r(‘s<‘t. 

1 hav(* also obsi'rved this peculiar effect in 
other localities, but only in cojiintj^s or aiialof^ous 
strnctui’es s])ecially exposed to the sun’s rays. 1 
havi‘ lu'ver, in all my (‘X]H‘rience, semi a wall built 
in cement or mortar that sliowed any si^ns of 
haviiii^ been subject (.‘d to such movements. 

iUuit lutvi H)H f)/' i'cmcnt ((ltd (Unnonl i'aucrett '. — 
'To s<‘ttle the (piestion wludher or no the camient 
joints had expandtal, and so caused the len'^theniiif^, 
1 mad<‘ the followin'^ (*x])eriment : — 

A bar 1?, iiu-h srpiare in sei'tion was made of 
flu* very bi'st l*ortland ceiiient and sand in the 
})ro})ortion of 1 to 1. I’lie imds were eiilar^^ed 
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and perforated, with the objetjt, if necossaiy, of 
putting a tensile strain upon the bar by suspension 
and hanging? weif^lits thereto. In the bar were 
imbedded brass studs for the jjurpose of measuring 
by special callipers any alteration of length that 
occurred. The distance betw(;en tlie studs was 
10T30 inches wlieii the bar was three weeks old. 
This was on September 1, 1887. A r(*cord was 
kept from time to time of variations of length. 
The bar was, during the greatt'r part of the time, 
up to 1001, kept in my cabinet at a fairly e<jual 
temperature, but a part of the time* it was exposed 
at a south window, and afterwards in a glass porch, *, 
but alwa 3 's under c-over. Ilnder the lattt'r con- 
ditions the occurrence of a sunny day produced its 
effect in air appreciable expansion, but on the whole 
there was a steady de<‘rease of l(*ngth for the first 
twenty' weeks. After this, up to 1000, it still shrank, 
but ill a gradually decreasing ratio. To make thes(^ 
movements plain to the eve Mr. M. ^’reh^avtui 
Heade constructed the diagram, Plate XXX.v., show- 
ing the contraction that would take place' if th(i bar 
were 100 feet long and under similar conditions.' 
During the tiiiu^ the bar was in the glass porch, 
exjiosed to the sun’s rays, it \vas siispend(al by oni' 
end to a bracket and loaded at the otluu* u]) to a. 
tensile stress of about 40 lb. The total contrac- 
tion for 100 feet = 1*8() inch in lU ' years. 

• * 

It is quite (wideht from these; results that the 

‘ The actual shrinkage can be directly incasurcd at any point of 
time on this dia^nnii, as it is shown full size. 
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leiif^tlieniii^ of tlic copings is not due to expansion 
of the cement joints. 

Tht^ cocifticient of expansion was found to be 
i 4 dirMi of lenj^th per degree Fahr., and it would 
recpiire to b(^ lioated to about 2b(r Fahr. to bring 
th(i bar back to its (original length of 10*1J}G inches. 

The Ts’(nv York Drxjk 7)ej)artnient found that 
their long concrete walls contracted A of an inch 
per 100 feet.’ 

Other hjf/t'cf.s of ufsion. — The oft-repeated 

strtisses i'aus(*d by variations in teniperature in 
climates wIkmc the daily range is great have* a 
•powerful elfect in disintt'grating the rocks. 

‘ Keane and other Arabian travellers have 
descril)ed how, o)i a cold night following a hot day, 
rocks are often found loudl 3 ' cracking and splitting 
up. At l'‘),000 t\‘0t, in the Jfimalayas, the difference 
of teinpi‘rature of day and night is as much as HO , 
and this breaks up the rocks with extreme rapidit>' 
and provides a mass of loosened dehrift never fcanid 
in Eurojje.- 'Professor d. C. Praimer, in an interest- 
ing treatise' on the ‘ 3)ecom|)osition of liocks in 
Brazil,’ •* dt'seribes how severe changes of tem- 
perature in combination with ^)thor agencit's have 
])roduced ciiaractt*ristic topographic rounded forms, 
or bosses, and conical j)eaks in the giieissic rock- 
masses of Brazil. Jn .some /'ases exfoliation has 
gone on so energetically’ that the ^ surface has 

> W. n. FluUon. riritish Arr/n'frrf, De^onibor 1. 1S9S. 

- Climhimj m ifir Himiilttynif, Sir jWartin Conway. 

Bulletin (!rt>. Sor. of America, vul. vii. pp. 255-314 ; soo als.o 

Geo. May., Marcli IS*.>7. 
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liaked off in great sheets that have slid down the 
mountain slopes.’ 

Teall, in his interesting hut all too short 
Presidential Address to the (reologieal Society of 
London (1U(V2), speaking of ‘dry weathering,’ which 
goes on in desert regions and arid cliiriatos of 
closed drainage, says : ‘ The violent extremes of 
temperature not only detach fragments from (ivery 
exposed siirfa.ce, but often loosen tht‘ constituent 
crystalline rocks, st> that at the slightest touch a 
piece of apparently solid granite will crunible into 
sand, leaving the felspars as fresh as wlu*n they 
formed a part of tli(i original rock.’ 

Ki'FKijr OF DieaxAr. and wkkki.y chanoks of tfm- 

FEHATl HK OX THE U'F. OF THE INl.XXD JjAKES OF 

WISCONSIN' ‘ ICE UAMPAllTS ’ 

One of the most inter«*sting natural r<-sults of 
changes of temj)eratnre is that des<*ril)ed l)y Buck- 
ley as afha-ting the ice which in winter covcm's tin* 
inland lakes of NVist'onsin. ‘ During the wintei' of 
the pn'cipitation and temperature con- 
ditions in South (*entral Wisconsin we)(‘ I'xception- 
ally favourable t(> the formation of ic<5 ramparts by 
the modorate-sixed lakes.’ ^ 

Th(‘se ‘ rainjiarts ’ are ridges of sand, gravel, and 
ice puslu'd up tJie hanks of the lake by tin; (*xpa.nd- 
ing ice sheet during a. rise of tempm'at urt' ; they ai e 
usually parallel to* the shr)rt‘. At Pit-nic. Point, 
Lakti Monona, when’ there are vtulical hanks of 

* ‘ let’ 1 (iLtnp;i rt .s ' (T'/v/z/.y. nf fhr, Winmnsitt . 1 /y <z/* 

vol. \iii. pjj. I 1 1 02). 
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clay, the ice pushed up a ridge having an average 
height of about 4 feet, a breadth of base about 11 
feet, and a breadth at the top of about 4 feet. At 
one j)laco the bank was not less than 8 feet high, 
and carried on the top a tree of considerable size. 
Elsewhere trees of over 12 inches diameter were 
dislodged and overturned. Another kind of ice 
rampart has the shape of more or less symmetrical 
folds, which always occur near the shore where 
the water is shallow. Under certain conditions a 
single fold is formt'd ; in others, a series of con- 
secutive folds resembling the Appalachian mountain 
•structure. In another case the expfinsion of the 
ice apparently resolved itself into two (components, 
acting approximattily at right angles to each other, 
making the longer axes of the folds an the two 
sides of the bay nearly normal to each other. 

Mr. lluckley goes on to explain that the upper 
surface of th(; ic(c is usually at about the tempera- 
ture of the air ; the under side, that of the water. 
4’he iippcu’ surfac.e is, therefore, the coldccst. 

A fall in teni[)erature produces a contraction of 
the upper surfac.e of the ice, which gradually de- 
creases towards the under surface. Under these 
stresses the ic'e begins to rupture at tht* surface, 
till in some cases the crack reaches the water, 
which wells into it and freezes solid. If a sudden 
rise of temperature should now' occur, the conditions 
are reversed, the upper surface of the ice expanding 
and tending to rupture thd sheet of ice on the 
under side. 'Fhe recurrence of these movements 


r 
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through rapid variations of temperature enlarges 
the area of the ice; hence it relieves itself by 
encroaching on the land, and the phenomena of ice 
ramparts and folds result. 

These changes are analogous in their history to 
those already doscrihtal in Chapters IX. and X. 
(Plates III., IV., Y., and VI.) as occurring in the lead 
sheet. Taking into consideration the difference in 
the physical properties of ice and lead, the similarity 
is striking. 

It seems to me that the cracking and freezing 
up are not quite such important elements in the 
expansion of tlie sheet as at first sight would appear.* 
We have seen that even such an intractable 
material as terra-cotta is inliuenced by changes of 
temperature in much the same way without crack- 
ing. Ice is to a certain extent plastic like lead, 
from whatever cause it may arise. 

The similarity of these phenomena to those of 
mountain T)uilding is striking, and is dwelt upon by 
Buckley. In the discussion following the paper 
Professor Van Hise tMiiphasised the analogies 
between these movements and those that give birth 
to mountain structure by folding, but is not pn'pared 
to draw the natural inference that they are due 
to the same causes. I trust it may not be thought 
presumptuous if I commend the studv of these 
phenomena as an admirable objt‘ct-lesson illustrat- 
ing my thc‘ory of tke origin of mountain ranges.' 


' (r. K. was, I heliove, the first to explain 

ramparts in his iiionot;raph on J^ake Jlonneville. 


thi- cause of ice 
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CHAPTER XVIII 

NORMAL OR CONTRACTION FAULTS 

have now experimentally analysed the com- 
* * ponent movements imparted to strata by 
latt‘ral compression ajjplied in several ways and 
under varied conditions. Eiirthcrmore, it has been 
.shown that the internal stresses set up in the litho- 
sphere by alternate expansions end contractions 
would result in movements of the rocks comparable 
to what we see in mountain chains and folded 
regions of the earth’s crust. 

It has also been pointed out, both here and in 
‘ The Ori^<in of Mountain Raiif^es,’ that a secular con- 
traction of the earth’s nucleus, on the contractional 
hypothesis, provides only continued or successive 
compresairv stresses in tht? lithosphere, hut no 
(ilti’riKftious uiith tensile stresses^ such as are rej^is- 
tered by normal faults in almost every accessible 
st?ction of the crust of the earth. 

This, I conceive, is the inherent weakness of the 
contractional hypothesis. Suess, in his important 
work, ‘ IHie Face of the*- Earth,’ chiarly recognises 
the existence of two types ol' structure in the 
earth’s crust. As admirably ’ summarised by Mr. 
Teall, he holds that ‘ a study of the structure 

P 
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of the earth’s crust proves that it has been affected 
by two types of moveiueut — the one characterised 
by a compression of the stratified rocks along 
certain zones ; the other, by a separation of the 
crust into blocks, some of which have sunk down 
relatively to others ; ’ and he goes on to say : ‘ One 
and the same area cannot be simultaneously 
aft’ected by these two types of movement.’ ^ 

Though these two types of structure are recog- 
nised, Suess apparently does not see their true 
relations ; nor is it explained how this striking 
difference of effect should be produced by the same 
cause, for Suess seems only to recognise radial, 
contraction in his theory of the earth. Jn ‘ The 
Origin of Mountain Eanges ’ I have attempted to 
show that' the is due to lateral ex])ansion, 
caused by a rise of temperature acting either 
continuously or successively on a compcnmd fjggi e- 
gate of strata, termed by me the ‘ strata-])late.' 
The best conception of this acti()n is tp l)e gained by 
a study of Plates Ilf., TV., Y., and VJ. of the present 
work. Normal faulting, i// which it/or h.s of the 
crust are let down, relatively to others, is the r(‘sult 
of contraction following a fall of tempera tun*. 'The 
foldiuf/ is due to compression, the fanltiinj to 
tension. Since ‘ The Origin of Mountain Kanges ' 
was published nonmal faults have been pretty 
generally recognised as due to tension. This 
necessary compleinentary and opposite stress to 

* Nature, Decembor 19, 1901, p. ll.'J. 
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that of compression is, so far as I am able to 
discover, unprovided for by any theory of mountain 
building other than my own. 

The (K)ntraction hypothesis, as I have reiterated 
- — but apparently none too often — only provides a 
continuously compressive force. Normal faulting 
results from the shortening of the strata, together 
with the inadecpiacy of the crust to maintain 
voids. If the materials of the crust were of 
suflicient rigidity and strength, the cubical con- 
traction due to a fall of temperature w'ould simply 
cause great rifts, which would remain open until 
filled up with flrhris^ and the surfacje of the blocks, 
though sinking actually, would not be differentially 
lowercid with respect to each other. The rigidity 
and tenacity of tin? materials of the crust are, 
however, but slight compared with the e}i()rnwuii 
forces si m file graoitation lets loose. The yielding 
crust sinks differentially along huge shearing planes 
called faults which it is well known ‘ hade to the 
downthrow.’ The horizontal contraction is thus 
provided for by the keying up of the strata-plate 
in sections, which enables it to occupy a larger 
horizontal area than it otherwise would, and at the 
same time keeps the crust solid and continuous. 
Nor must it be lost sight of that a fall of temperature, 
within certain limits, increases from zero at the 
surface to a maximum at a certain depth, which 
depth is determined by several factors. The com- 
bined result is, that below a (jertain depth the normal 
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faults may shade off and the vacuities — or rather 
what would otherwise he vacuities -in the crust 
become tilled solid by a How of rook rather than 
hv keying up. The effects of all these factors in 
filling up tri-dimensional space, and maintaining 
a solid crust, are to he seen in the mapping of any 
well tension-faulted area. A secondary effect is 
often the turning up of the edges of the strata 
against a boundary fault, through the compression 
produced by the blocks keying up at the upper 
part before the mass comes to rest on a solid 
foundation. 

* * 

The fact, well known to enginei‘rs, that faults • 
are often the most watertight parts of the strata, 
is another proof, if one were needed, that con- 
tractional faulting does not produce an open 
fissured crust, but that the keying by the shi*ared 
and sinking blocks goes on simultaneously with 
the sinking, and that enough lateral pressure is so 
produced by the gravitating mass to, maintain a 
solid continuous lithosphere. There is every I’casoii 
to infer, as geologists usually do, that the whole of 
these adaptations take place very slowly, whether 
accumulating stresses be relieved by small or large 
successive slips. That the forces to which these 
two broad types of structure — the folded and the 
normal faulted — are due cannot be simultaneously 
oijerative in the same avea is very obvit)us, the 

one being the antithesis of the other. I have 

« 

shown that no theory which does not provide for 
both movements can be a true explanation of the 
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phenomena of the earth’s crust. Perhaps my 
insistence on these points will be pardoned as, so 
far, the difliculty appears to be unnoticed by those 
who think that the leading dynamical phenomena 
of the earth’s crust are altogether due to its settling 
down upon a shrinking nucleus. 
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CHAPTER XIX 

SLATY-CLKAVAGK 

T he experiments which have been dotailetl in 
the previous chapter prove that under com- 
pressive stresses the beds or strata-plates — 
miniature representations of portions of the earth’s 
lithosphere — undergo complex movements, and art* 
bent, twisted, thickened, and even stretched in the 
process. In adapting themselves to these new 
conditions the materials of which the beds are 
composed flow and shear in directions governed 
by the thickness or thinness of the plates, the 
direction and strength of the compressing forces, 
and the plasticity or rigidity of the nniterials. In 
Nature there is a vastly greater variety of material 
in assembled scries than are represented in our 
models. There may be line tday, granular sedi- 
mentary deposits, conglomerates, volcanic, beds, 
igneous dykes and sills, or the wonderful combina- 
tion of comjjressed granitic, felsitic, and other 
intrusive igneous rocks usually constituting an 
Archaean complex. 

When the compressing forces which affect the 
earth s crust from time to time act upon those 
heterogeneous beds, the variety of movement and 
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resulting forms must of necessity be greater than 
ill our clay models. 

Instances of parallelisms of bedding planes 
over large areas that have been subject to great 
compression can, however, be pointed to. The 
South of Ireland is an example, which will presently 
be dealt with. 

Varallel Hiniciure . — The movements illustrated 
in the clay models subjected to compression are, 
mainly, folding and shearing of a more or less 
complicated and often convoluted type, and it has 
been shown that this involves flow’^ of material 
■from one place to anotht^r in diverse rather than 
parallel dircictions. 

The struciture known to geologists as slaty- 
cleavage is eminently a pai'allel structure, which 
cuts through folds, convolutions, and even twists 
ill strata with such remarkable indifference that 
the normal bedding or planes on which the rock 
was origiiiitlly laid down become practically obli- 
terated as a structure. The rock no longer splits 
along its bedding planes, but along the induced 
parallel structun*, which ignores the original condi- 
tions of deposition. There is, however, one great 
fact, often lost sight of, namely, that all classes of 
rocks cannot develop slaty-cleavage, however much 
they may be compressed o¥ subjected to identical 

influences. , 

It is here that the mechanical theory, which 
attributes slaty-cleavage to’ pressure, and pressure 
alone, fails. 
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Why this should be will form one of the aims 
of our inquiry. 

Investioations of Slaty-cleavage 

The subject of slaty-cleavage had lon<< possessed 
fjreat attractions for me, and after the publication of 
‘ The Origin of Mountain Ihinges ’ I further studied 
it ill the field and collected typical specimens. 

It was not, however, till 1897 that the investi- 
gations about to be described were undertaken in 
collaboration with ISIr. Philip Holland, F.I.C. 

The first result of our work was the publication, 
of a paper on the ‘ Phyllades of the Ardennes 
compared with the Slates of North Wales,’ Part I.,^ 
followed by;Part II. in 1900,“ and in 1901 by ‘The 
Green Slates of the Lake District.’ In the two 
latter we were kindly assistt^l in the microscopical 
work by Mr. Maynard Hutchings, to whom we wish 
to express our indebtedness. 

In the last of these papers we skt>tclie.d out a 
‘ Theory of Slate Structure and Slaty-cleavage,’ 
founded upon our investigations, and as it in 
substance contains our present views T have 
thought it simpler and better to . 'reproduce it 
ver])atim than to recast it specially for this w'ork. 

Since the publication of this thetjry we have 
carried on further investigations, the substance of 
which will be found jit;cordt?d in the ensuing pages. 

tor the sake (jf completeness, and to add to the 

Proceedingn of Liverpool Geologirnl Society, 185)8, pp. 274-93. 

1900, pp. 463 -78, » Ibid., 1901, pp. 101-27. 
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practical value of the work, I reproduce at the 
end of this C'hapter the whole of the tables of 
chemical analysis published in the papers to which 
I have alread3’^ referred. 

A Theoiiy of Slate Structure and Slaty- 

CLEAVA(}E RY HeADE AND HoLLAND * 

The Chemical and Mineralogical Make-up of 
Slades. — It will be noticed on careful examination 
that, in all the examples of slates analysed by 
us and reported upon minera logically’ bj’’ Mr. 
Hutchings, slat^ -cloavage and the development of 
micaceous and chloritic minerals appear to be 
indissolubly associated. These minerals have been 
‘ rolled out ’ in the direction of the cleavage planes. 
They are evidently secondaiy, and we cannot but 
think there is good evidence to show’ that thej’ 
have been developed pari p((s.Ha with the movement 
of the constituent particles of the rock w’hich has 
given w^ay under shearing stresses. High tem- 
perature, pressure, and movement acting upon 
a rock-base chemically and mechanically fitted for 
the manufacture of the slate, if w'e may be per- 
mitted to use that expression, seem to be a 
necessary conjunction for the production of slaty- 
cleavage, and the more foliticeous the constituent 
particles, and the more abundantly they are present, 
the firmer and more perfect wdll bo the cleavage. 

‘ From Prorcedinf/a of Liverpool Geological Society. 1901, pp. 
120 27. 



220 


EVOLUTION OF EARTH STRUCTURE 


The rougher slates are made up of larger clastic or 
crystal grains or particles, and the whole aggregate, 
whether large or small, is made intimately c-ohe- 
rent by the presence of secondary minerals of a 
foliaceous character, which act not only as struc- 
tural parts of the slate and longitudinal ties, but 
also as a cement. 

We have already pointed out * that, in our 
view, the slaty-cleavage has been impressed upon 
the rock in a late stage of its individual history. 
In continuation of this we may point to the 
extraordinary distortions the banded rocks of 
Tilberthwaite and Buttermere have undergone - — a 
distortion that, had it occurred after the cleavage 
structure was developed, would have athuded the 
cleavage planes themselves. 

This has not occurred, and it is this great fact 
of the cleavage planes in all slate rocks traversing 
the rock in parallel planes, quite independently 
of the bedding, that inclined the great Sedgwick, 
who was the first to study the phenomena scien- 
tifically, to think that cleavage was a sort of 
crystallisation on a largo scale, or due, as he ex- 
pressed it, ‘ to crystalline or polar forces acting on 
the whole mass simultaneously in given directions 
and with adequate power.’ 

Old and New V'^'tvs and Thron't'fs of Slaiy- 
cleavatje tented and, compared. — This short sum- 

' 1‘art 11.,‘ I’hyllaaes.’ iVc-.V ‘^<6. - l»a«cs 107 ami 110. 

'* ‘On the Strnelni-H of Lartre Mineral Masgets ’ (I’/vjaj*. (ico. Sor. 
vol. iii.. ISSl). 
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mary of our views on slaty-cleavage, founded entirely 
upon obseiwation and experiinent, may, with profit, 
be compared with the views that have been put 
forward from time to time by prominent geologists 
and physicists. It has been a favourite subject 
of speculation with savaniSy as it possesses the 
interest which always attends the mysterious and 
dilTicult. Sorby, who was the first to study the 
microscopic structure of slate, sums up his con- 
clusions thus : ‘ What I chiefly wish to impress 
on the attention of geologists and physicists is that 
slaty-cleavage is due to mechanical causes ; that 
cleaved rocks are compressed rocks ; and that the 
compression in general has not only changed the 
arraiigoment of the unequiaxed particles of which 
they are composed, but in some cases has altered 
their fonn. There are scarcely any rocks whose 
particles are not thus unequiaxed, and T still 
maijitain that, other circumstances being the 
same, those have the best cleavage that are com- 
posed of 'particles whose length and thickness 
differ most.’ ‘ 

Tyndall, on the contrary, considered that slaty- 
cleavage is independent of the shape of the con- 

' ‘ On the Theory of the Origin ot Slaty-cloavage ’ {Phil. Mug., 
.Vugnst 1B5G). 

Ill his J’lesiilential Address to the (ieologicnl Society of London 
on ‘ The Structure and Origin of Non -calcareous Hocks’ {Proc. (irol. 
Soc., 1879-80), Sorby returns to the subject of slaty-cleavage, and 
discusses further details, the result of wWe investigations ; but ho still 
niaintains substantially the same vie,w8, and says : ‘ The mechanical 
theory of cleavage is now so generally accepted that it may perhaps be 
thought superfluous to support it by further facts. 
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stitiieut particles, and that simple compression is 
competent to produce cleavage in the finest 
material, instancing his own exi^eriments in the 
compression of wax. In fact he held, the finer the 
material, the more perfect the cleavage. Tyndall 
is sceptical as to the importance of the presence of 
mica, and says in a criticism of Sorby’s views : ‘ I 
cannot accept his explanation of slate-cleavage. I 
believe that even if these plates of mica were 
wholly absent the cleavage of slate rocks w'ould be 
much the same as it is at present.’ ^ 

These three views of Sedgwick, Sorby, and 
Tyndall on slaty- cleavage express the salient 
differences in the way of looking at and explain- 
ing the phenomena. 

There is a fourth view, put forward in 1875 by 
Dr. Will. King, in which slaty-cleavage is attri- 
buted to the compression of parallel joint planes, 
a view apparently supported by Becker.'^ 

Sharp, Phillips, Darwin, Haughton, and others 
have contributed to the discussion and elucidation 
of several phases of the phenomena ; and, among the 
earliest geologists, Bakewell considered the struc- 
ture to be ‘ the effect of crystallisation,’ while 
MacCulloch supposed it to be J- the result of con- 
cretionary action.’ It is uniujcessary for us to 


^ Phil, p. 44. 

- ‘Oil Jointing and its Rulntion to}^}ity-clcava»;o ’ {Trajis,nf Uoyal 
Irish Acatlrmij^ vol. \\v., IS'ft). 

‘Finite Honiogeneons Strain, Flow and Rupture of Rocks * (BuL 
Geo. Soc. A^Hericaj \ol. iv. p. 7o) eoniains u discussion of theories of 
slaiy-cleavagc. 
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deal with the history of the subject here, as Mr. 
Alfred Harker has thoroughly expounded the 
various leading theories in the British Association 
lieport, 1885, ‘ On Slaty-cleavage and Allied Rock- 
structure, with special reference to the Mechanical 
Theories of their Origin,’ and Prof. John Phillips 
previously, in 1857, reported to the British Associa- 
tion ‘ On Cleavage and Foliation in Rocks, and on 
the Theoretical Explanations of their Phenomena ’ 
(p. 809).^ 

Hjxaiiimatiou of Sorhtfa and TijndalVs Theories, 
and Exposition of onr own Conclusitnis. — The 
.investigations we have undertaken, which form the 
subject of these papers, have been principall 3 ^ con- 
fined to chemical composition and microscopic 
structure. The larger field-work, or’ geological 
aspects, have only entered into our purview^ as 
incidental matter, but they have not been uncon- 
sidered. 

In the light (d the facts set forth in this paper 
let ns examine hrielly the purely mechanical theory 
of the origin of slaty-cleavage. 

Tyndall stands nj) for it in the most uncom- 
promising form, and considers that compression 
• 

' One of Iho lutcst iiivestifjJitorH— Mr. T. Nelson Dale — in a memoir 
entitled ‘ Th<' Slate Itelt of Eastern New York and Western A’ermont,’ 
wliich contains a vast amount of information, says : ‘ Terhaps slaty- 
clca\age may be defined simply as a renrraiigement of the particles 
of a deposit by pressure, and a siniultaneous arrangement of any new 
erystalliiie pavtielea formed during tliat pi'cssure. 'Jliis arrangement 
of old and new particles is related to .the directions of pressure and 
resistance’ {U. S. (lovcrnmcnt Surcct/y Nimtecnt/i Annual Report, 
1897 i)H, I’art 111. ‘Economic Geokigy,’ p. 20;j). 
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will induce this structure on practically any fine 
material. 

Tyndall was not a j?eolo^?ist, or he would have 
known that many rocks which seem mechanically 
fitted to have cleavage structure impressed upon 
them, and which show abundant evidence of 
having been subjected to great lateral pressure, 
present not the slightest trace of slaty-cleavage, 
such, for instance, as the much-folded rocks, largely 
greywackes, of the South of Scotland, which are 
finely exhibited along the Berwickshire coast. 

Tyndall alleges : ‘ When slate mud is compressed 
its different layers cannot be expected to move.* 
laterally with exactly the same velocity ; they 
slide over each other, and this action, as in the 
case of iron, must also tend to weaken the cohesion 
of the la^'ers and to facilitate the cleavage of the 
mass.’ ‘ This is not compression, but shearing, and 
it appears to us that siu^h shearing would be most 
effective in recks composed largely of pa.rticles 
having a predominant long axis. Tliere is not, 
however, the slightest evidence that slaty-cleavage 
was imposed upon I’ocks when in the state of mud ; 
nay, the opposite is the view we hold, viz. : that 
slaty-cleavage was superinduced upon the sedi- 
ments after they were tightlj' folded and con- 
solidated — when lateral press) ire could act as on a 
homogeneous material. Even if we admit Tyndall’s 
view of the effect of^ihesirifig upon muds, it is ejuite 
clear that such a rearrangement of particles would 

' Observations on Sorby’s paper alrcaily quoted. 
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not weld them, together so that the cleavage j^lane's 
should cross and obliterate the bedding ^dahes, and 
give to slate that transverse strength which so- dis- 
tinguishes it from mostrocks.^ 

Sorby, we believe rightly, held that the slaty- 
cleavage is influenced by, and greatly due to, the 
shape of the constituent grains, but we cannot 
agree with him, or with Tyndall, that the pheno- 
mena are wholly mechanical, or that simple com- 
pression would i^roduce the parallelism necessary 
for the production of slaty-cleavage. In fact, there 
is good reason to believe that little actual cohdensa- 
•tion {i.e. reduction of volume) took place during the 

* By oxporiiuont one of na fouiicl, many years atjo, that a Velenhelli 
slate, ent alon^ the tJij) plnu(\ havinf:^ a transverse section of 3 inches 
by 0'1H7 inch, supported on bearings 18 indies apart, broke with 
‘29 lb. 11 oz, applied at the centre = to a breaking weight of 283 Ib- 
for a bar 1 inch stpiaro and 18-inch bearings. The strength of such a 
bar cut trannwrac to the dip plane was found to be only half that. 

We can tind no record of tests of the ti-ansverse strength of slates, 
l>iit Kinnear Clark gives the strt'iigth of Knglish oak beams, 2 inches 
square and b feet hearing, at from d07 to 813 lb. breaking weight. A 
slate ]>eaiii of the dimensions, liaving a coeflicient of transverse 

strength equal to the ^'elc^helli slate in our example, would break at 

r>60 lb. 

In a Memoir on ‘ The Building and Ornamental Stones of Wis- 
consin,* by K- K. Buckley {^WincnnHin (Mf*oloyical mul Natural History 
Snrvrtp 1898, Bnl. No. IV. Ibconomic Series, No. 2, p. 39(5), a table of 
the transverse streiigtli of Wisconsin building-stones is given. The 
experiments were iiiaMe on bars 1 inch scpiare in section and 4 inches 
bearing, the weight being applied in the centre. The Montello granite, 
the strongest stone tt‘sted, in the specimen yielding the highest result 
broke with a load of 791 lb. This would be e«inal to 33(5 lb. for a bar 
2 inches sejuare in section and 6 feet bearing, as compared with 560 
lb. in onr cx])eriment witli Velenbelli slate. The limestones varied 
very much in transverse strength, but wcre^listinctly weaker than the 
granites. The sandstones varied still more, some being exceedingly 
weak, and the strongest less than one-third the strength of the strongest 
granite. 
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development. of the vlenvaffe. the upecilic /imvity of 

ibevoek having been, ire believe, m greet or nearly 
as great immediately before as after the rook became 
cIghvo^. rt'diictioii of of tJw ijiud 

preceded the development of clenvaf^e ; iind if this 
were so the iiiovemeiits of the frngnients of the 
rock would be entirely shearin#? movements — a 
change of form without change of volume.' 

Our remarks have already extended to a greater 
length than originally contemplated, but we shall 
have quite failed in our object if we have not made 
it plain that chemical a<‘tion bringing about 
mineralogieal change is an important factor in the- 
production of slaty-cleavage.- 

To sunnn arise what has already been said, 
mechanical pressure, compression, and shearing 
may in some cases produce a cleavage structure in 
rocks. But these agencies alone cannot cause true 


' The specific f^ravities of the Lake District slates, it will be seen 
on reference to tlie Table, are wciiclerfully uiiifonu ;^tlu*y are less tlian 
the AVelsh slates and phyllades given in Part I., ‘ Phyllades of the 
Ardennes/ but they, again, have little varinti<»n among theniselves- 
Further condensation wf>uld not result from pressure, l>nt change of 
form by shearing. The shearing platies would not necessarily be 
developed at right angles to the pres.sure ; indeed, we have seen slate 
quarries in which the cleavage dip was at so low an angle that this 
could not have happened. 

- Since this was written we fiml that Van Ilise has expressed 
himself as follows; * My microscopical studies t>f both cleavable 
slates and schists have conyinced me that in the interstices, and by 
the decomposition of the larger particles, new uiinerals, and especiallj' 
mica, abundantly develop, witli ^luilar orientation, and with their 
larger diameters, or clerfVage, or both, parallel to the fiattened or 
rotated original particles’ {Sixtct^nth Antmal lieport of the U. S. 
(ieologieal Survey^ 1894-95: * Principles of North American Pre- 
Cambrian Geology,’ p. 6:15). 
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slaty-cleavaf{e, which we believe to be a new 
physical condition indissolubly associated with 
the built-up platy-structure we hfive described in 
detail. This structure we have likened to the bond 
of stone in a wall further intimately tied and 
bonded tof^ether by platy minerals, the whole being 
cemented into a coherent rock by secondary minerals 
developed during the continuance of the shearing 
forces. That shearing forces were in operation is 
sufficiently indicated by that rolled-out appearance 
of the ininerals to which ]\rr. Hutchings so often 
alludes in his description of the slides. The 
minerals seemingly develop along planes of move- 
ment, and a little consideration will show that 
parallel i^lanes could not result frouti external 
pressure unless the force acted on a homogeneous 
material ; hence we may legitimately infer that the 
beds of rock, which often show so much disturbance 
a] id folding, have been packed and pressed into a 
homogeneous mass before the pressure, heat, and 
chemical action which produced the cleavage 
planes and slaty-cleavage structure had acted upon 
tlie rock. 

Finally, when we consider the enormous 
transverse strength of slate compared with other 
building-stones, a strength which our experiment 
in 1889 , already described, showed was, in the case 
of a Velenhelli Welsh slate, equal to that of good 
Fnglish oak, we cannot fail to flee how inadeipiate 
mechanical pressure alone would be to produce from 
a mud a structure possessing such remarkable 
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tis sltitt‘. liftVG, WG liopO) dearly 

shown that real slaty*deavage is always accom- 
panied by mineral diaiif^^es in the body of the rock, 
which not <mly f'ive to the rock its foliaeeous 
character, but supply the necessary cement to bind 
to^^etherthe heterogeneous overlapping' constituent 
f?rains, and convert what was originally mud into a 
rock possessing the tenacious and economically 
useful properties of slate. 


The Old linn Sandstone and CARnoNiFEiious 
Slate of the South of Ihei-and 

For the completion of our studies of cleavage it 
was thought advisable to visit the South of 
Ireland, where the vast series of rocks coeval 
with our Old lied Sandstone and (^irbonihu'oiis 
formations have suffered intense lateral pressurt‘. 

This pressure has l)£*on so uniformly applied in 
one direction, or in opposite but parallel directions, 
that the strikt' of the rocks throughout the> pai't 
of Countj’ Cork visited is pra^-ticall^' identical. 
The rocks are mostly thin beddc'd, and the dip is 
either vertical or approaching it. At the ffrst siglit 
of one of the quarries near, (’lonakilty Ijough, tai 
the west side, it was found difficult to say whether 
the structure exhihitiul was due to cleavage or 
bedding. 

A closer (t.xamlnation showed that it was un- 
doubtedly bedding, hut probably affected by the 
lateral pressure that had lifted siud folded tht^ 
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rocks. The structure was a parallel one, but 
parallel to the bedding. The proof of the planes 
being those of bedding lay in the fact that the 
nature of the rock varied from plane to plane, or 
from one group of planes to those of another 
group. In one it might be a fine fissile shale, in 
the other a fine grit. 

These changes will be noted in detail as the 
specimens are described. The fissility is in the 
plane of bedding, ])ut in some cases there seemed 
to be developed a cleavage at a very low angle to 
, the bedding, so that the split surface had a minute 
ripple-marked appearance. 

The dip of the beds was 80"^ north by west, the 
strike easterly and westerly, with a deflection to 
the north-east. Hpecimens 9, 10, and 11 came 
from this quarry, which is at a point near to the 
junction of the Upper and Lower Old Red Sand- 
stone. Anything loss like one’s lithological ideal 
of ‘ Old Red ’ it would be difficult to find. 

This class of rock, though possessing a fine 
fissile structure, cannot be said to possess slaty- 
cleavage. ’rhough, as the analyses show, the 
mineral constituents are analogous to those of 
true slates, the rock is mostly very soft. It is used 
in the neighbourhood for rough walling. 

Specimen No. 8 (Quarry No. 2), from the east 
side of Clonakilty Lough, though in structure and 
composition a true slate, is, not a roofing slate. 
The junction of this rock with the adjoining rocks 
could not be seen, but No. 4 (Quarry No. 1) is a 
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gritty fissile rock, splitting along the bedding 
plane. 

Cnrhoniferons Roofiiitf Slate , — At Bendutf, about 
2 miles north-west of Rosscarberry, is a eonsider- 
able slate quarry in the Carbonifei’ous Slate system. 
Mr. Swanston, the proprietor, kindly sent his fore- 
man round the quarry with one of us. Tt is a 
glossy black slate with an excellent cleavage, and 
most of the buildings in the neighbouring towns 
appear to be roofed with it, and much is exportt‘d. 
The miners recognise the following structural 
peculiarities in the rock: 1st, cleavage ; ‘Jnd, heads ; 
8rd, joints ; and 4th, floor. The ‘ heads ’ apj)eared 
to me to be joints that have become partially open 
so as to separate in the quarrying. 

The ‘floor’ is, according to my interpretation, 
a more marked plane in the original bedding which 
has become corrugated by the lateral pressure. 
The bedding structure is more or less in t*vidence 


in most of the slates, but the ‘ floor represents a 
more pronounced difienuice in the nature of the 
deposits such a difference as to cause ti break in 
thc^ continuity of the cleavage. Another pecu- 
liaiity, which, however, is not of such frecpient 
occuiience as to affect the value of the slates, is 
what the quarrymen term ‘ bulls,’ which are small 
lenticular swellings.^ 


The slate appears to lie 


vein. 


The 


luemoS”!?, pyrites, occoriUiig to .Survey 

iw ri4. 20". aw. aM, 20 .-,. .....l part of sheet 
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cleavaf^e is within 2^ of the vertical, inclining 
northerly ; it is very micaceous and splits very 
thin. The black colour may in part be due to 
the carbon present. 

Specimens 1, 2, and 0 are from this cpiarry. 

It is a striking fact that the cleavage crosses 
the bedding at a high angle, as I believe it does in 
most of the best roofing slates. 

The Madramma slate is of a similar nature. 
The quarry is near Leap ; it was not visited, the 
specimen being kindl3'^ obtained for us by Mr. 
Thomas Connell, the pro]irietor of the Eldon Hotel, 
Skibbereen. The cleavage crosses the bedding in 
this specimen also. 

U'hat cleavage is alwaj-s associated with intense 
pressure, and tliis, again, with great thickness of 
deposit, is strongly in evidence in these interest- 
ing sections in C.lount^’ Cork. In England, slates 
younger than the Silurian are only found in 
Devonshire and Cornwall, on the line of this 
same truncated and buried mountain range, which, 
C/ommencing in the South of Ireland, passes through 
Devf)nshire, crosses the English Channel, and cul- 
minates in the plateau of the Ardennes. 

The enormous thickness of the Carboniferous 
and Old lied Sandstone beds in the South of 
Ireland is well set forth in the various Memoirs of 
the Geological Survey of Ireland.’ elukes origi- 
nally thought that the Carboniferous Ijimestone 

' ScG section on p. 32: Expliination to accompany Sheets 1S7, 
195, and 190 of tlie IMap of the Geological Survey of Ireland. 
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extended over the whole of the South of Ireland, 
hut linally came to the conclusion ‘ that the Car- 
boniferous Shale must be taken to be contempo- 
raneous with the Carboniferous Limestone.’ ^ 

Jukes says : ‘ It can be shown that all this 
vast series of beds was deposited on the slowly 
subsiding and rather irregular surface of a 
previously existing land, made of the Ijower 
Paljeozoic rocks, and that the depression com- 
menced first on the south or south-west, and 
continued there for a long time during the 
deposition of the great mass of the Old Ked Sand- 
stone, before it began to affect the centre of’ 
Ireland, where the Old Ked Sandstone is com- 
paratively thin or does not exist at all.’ - 

ilESCHIPTlON OF THK KoCK SPECIMENS FUOM 

County Couk 

SInfes and Siafe liock . — ’Fhe accompanying 
Table (No. 1) gives our analyses of ‘the typical 
Specimens taken from the slates and associated 
beds of County Cork. They are nniiibertal 1, 12, 
3, 4, 5, 6, 0, 10, 11. SjDecimens Nos. 7 and 8 
were omitted as unnecessar 5 ^ Nos. 1, 2, (5 are 
Benduff roofing slate from diff€5rent parts of the 
same quarry. No. (5 (Plate XXXI.), being the first 
quality of slate, was’ selected for microscopical 
examination. Mr. J^Iutchings reports as follows: 

' [jOc, cif. p. 8r>. • 

‘ On the Mode of Formation of some of the liivor Valleys in the 
South of Ireland ’ {Q. J, G. *S\, 1862, p. 384 ). 



Table 1 .— TABULAR STATEMENT OF ANALYSES Ojl- SLA'i’ES Ajna* hWas i’awai 

Maii'rial for Analysis was dried at 100’ C. 
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No«. 1 , 2 , 5 , an<i G. 
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‘No. 6, a very tine-j^rained clay-slate, dark with 
organic pigment and iron ores. It is just a 
luiiiiitoly woven mass of micaceous and cliloritic 
material with small grains of (juart^^. Ijarger 
grains of quartz here and there are drawn out in 
the direction of c.leavage by great pressure, and 
there are similarly elongated lenticles of chlorite 
and a mixture of chlorite and calcite. 

‘ Not much clastic mica can be made out, owing 
to the fine grain and to its concealment in the 
felted mass of the newly formed materials. 

‘The usual minute “clay-slate needles” of 
rutile are extremely abundant tln*oughoiit the rock. 
Small grains and crystals of calcite art> pretty 
evenly diffused, as are also the grains of iron ore. 
'These grains are pyrites.] 

‘ The sections (‘xamined show a rock dt'rived 
from very fine-grained sediment, which has under- 
gone great pressure as well as great chemical 
alteration, but has not betm affected .by any sort 
of contact action.’ 

No. 5 is a Madramma roofing slate. Tins Air. 
Hutchings describes as ‘ a tiiu‘-grained, highly 

laminated slate, with a good deal of dark organic 

• « 

pigment, and much opaque iron ore in grains and 
crystals. 

‘ The main mass is mica, with a large amount 
of chloritic mineral. 

‘ There is a good deal of quartz, ]:)artly in good 
distinct grains, but also to a large extent so finely 
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disseminated that its quantity cannot well be 
judged without a chemical determination. 

‘ Original clastic mica is still distinguishable, 
and probably' much more is liidden away in the 
dense mass of newly formed micaceous material 
and chlorite. 

‘ There is a great abundance of rutile and 
minute “ clay- slate needles.” 

‘ The mica and the larger bits of quartz again 
show evidence of the great pressure and drawing 
out which the rot^k has suffered.’ 

A reference to the Table of Analyses will show 
the pres<‘nce of a <*oiisiderable, though variable, 
amount of carbonif* acid in the Benduff slates, and 
a lesser in the Madramma, though in the latter 
case only one specimen was analysed. Doubtless 
the cjirbon is from the organic matter originallj' 
present.* 

Comparing these analyses with those of the 
Phyllades the Ardennes in Table Tl., there exists 
a striking similarity in tlie proportions of silica 
and alumina present ; but carbon is absent in the 
Ardennes rocks that we analysed, and these, again, 
showed greater mineralogical change. 

The next specimen t)f slate rock from County 
(kjrk is No. M of ’Uable 1. It is a true slate, but 
not lit for roofing purposes. 

This is the mineralogical description : ‘ A fine- 
grained slaty rock, composed of white mica, (piartz, 

' It is vecoivlcd In Hillebriuul in dark slates from the United 
Stutes. 
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and pale chloritic minerals, with many grains of 
opaque iron ore. There are also some small crystals 
of rutile (not very many) and a few flakes of 
micaceous ilmenite. It is probable that the oj^aque 
iron ore is also ilmenite to a considerable extent. 

‘ The mic;a is very nearly all flat in one plane, 
and is all newlv formed, as fa.r as can he made 
out. If any original clastic mica still remains, it 
is wholly shrouded in the mass of new material. 

‘ The quartz is mostly in elonj^ated jjrrains, and 
the lenticles are drawn out in the same plane in 
which the mica lies flat. There is evidence that 
the rock has undergone very great pressurtj and 
rolling out.’ 

The chemical analysis of this rock shows that, 
excepting for the larger proportion of silica present 
and the less FeO, together with the entire abstmce 
of COa, it is similar in character to the preceding 
roofing slates. Whence, then, aris(*s the difT(*rence 
in quality ? Is it that the bedding apd cleavage 
are coincident ? 

We will return to this (juery furtht*r on. 

Sp. Gr. 2-787. Porosity, S"2 per cent. 

Aasocidtfid (rTtfs ((fifj ShdlcH . — We now coine 
to a class of rock making up tlu>. bulk of the Old 
Red Sandstone and C’arboniferous Slate series, with 
which the true slates are associated. 

There are many veins qf slate occurring in the 
Old Red, mentioned in the Survey memoirs, of 
purple, red, and green shadt^s of colour. These 
(piarries do not appear to have been much worked, 
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probably from the difticulty of roofin^^ 

slates from them of satisfactory sizes without 
fjfreat waste.’ 

Specimens Nos. 4, i), 10, 11 represent a larf?e 
proportion of the bulk of the deposits ; but the beds 
are of very variable character, and we have for the 
sake of brevity confined ourselves to those speci- 
mens only that bear directly upon our subject of 
slat3'-cleavaj<e. 

No. 4 is a #<ritt 3 ’ fissile rock from Quarry No. 1, 
east side of Clonakilt^* Lon^h, in the Low(*r Old 
lied Sandstone series. Fissility and bedding are 
•ill the same plane. ]Microscopically described, it 
is ‘ a ratht'i' coarse-grained felspathic and veiy 
micaceous grit. 

‘The (piartz and felspars are iii good-sized 
angular clastic grains, compacted together in the 
usual manner, ami iimrc or Irsn surroutuled and 
mnrnfed hij a Jine-fjrctinrd ina ferial of felted fialie- 
lets (f neifd^ fornted mica, chlorite^ 4V. 

‘ Tlie felspar is rather abundant — almost all 
of it well-tw inned plagioclases, ajiparently largely' 
oligo(4ase. 

‘ The rock is banded by layers in which mica 


' Sf\«‘ral «|aarvi( s an- im-iititimHl in ibo iiifinoir already rpfori’otl 
to on l>. 17. Sjiiall abandoned (jnarrio'i an- noted in Shirkin Island. 
As .1nk('.s oV)a< rves (* K\'])lanation t»i aeconii)any Slieet ia*2. and part of 
19a,’ j). 11), - the oharactei’s which distinguish an ordinary cla.\ -slate, 
sneh as a •>eologi''t would call a»“ good sj^ite.’’ from that which makes 
a first-class rooting slati-. altJiongh of higli importance ecoiiomically, 
are, ncvcrtlieless. so minuti' and imj»cl-ce[itihle to the eye as scarcely 
to be appreciated until a qu.arry is actuaH^ opened and tlic matter 
brought to a practical test.’ 
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largely predominates, alternating with others which 
are relatively free from it. Its lissility is due to 
this and to the fact that the mica Hakes are largely 
arranged in one plane. 

‘ A large proportion of the mica is in the original 
clastic Hakes of good size ; most of this is muscovite, 
but it is still possible to identify a considerable 
amount of more or less altered biotite, both opti- 
cally, and by the alteration-products in the Hakes. 

‘ The finer portion of the original sediment is 
now completely regenerated, as usual, and forms 
the felted micaceous material in which the coarser 
mica and the quartz and felspar are bedded.* 
From it all biotite has disappeared. 

‘ There are the usual zircons and tourmalintjs, 
and a large amount of rutile crystals derived from 
the alteration of the biotite.’ 

No. H (Plate XXXII.) is from a quarry on tlii' 
west side of Clonakilty I^oiigh, near the junction of 
the Upper and Lower Old Hod Samlstone. It was 
described by one of us in the field as ‘a greenish 
grey soft rock of fissile chara(;ter.’ This seenis to 
have a cleavage impressed upon it at a very small 
angle to the bedding, which gives the split surface 
a minute ripple-marked appejtrance. * ’ There is so 
much fine material in these sandst(jnes that they 
may be looked upon an approaching true shales. 

An examination of any of the best buildings in 
this part of the Soitth t>f Ireland emphasises this 
character of the rocks. The freestones locally 
used for quoins and dressings are oi a soft nature. 
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easily disintegrated by the weather ; hence for this 
purpose in the best buildings limestone from the 
Carboniferous system is imported. In the very 
splendid new Catholic church in Clonakilty the 
dressings and tracery are of Irish grey granite, the 
walling of a fine local sandstone or mudstone, and 
the spire of limestone. 

Only the very best beds can be used for building 
purposes. The rough fence-walls, built of the local 
rock, are usually covered with a cement coping, 
which assists very much to preserve the wall 
from decay. 

The microscopical description of No. 9 is as 
follows : — 

‘ A fine-grained very micaceous grit. It is again 
banded by very micaceous layers, alternating with 
quartzy ones. 

‘ The quartz here is very little mixed with 
felspar ; much of it is of a very small size, and 
some of the grains, are more or less corroded and 
blended away into one another. 

‘ ^rhe mica is partly clastic and partly newly 
formed. The latter much predominates, and is 
felted with a large proportion of impure chloritic 
material. 

‘ There is little biotite ; the mica is partly 
muscovite and partly the more indefinite, impure 
mica, developing towards muscovite. 

‘ There is a large aniount at rutile in the mica- 
ceous layers.’ • 

Specimen No. 10 is from the same quarry. It 
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is from a gritty bed, the bedding and cleavage being 
coincident : — 

* A micaceons, very much compacted grit or 
quartz. There is a good deal of calcedonic- silica 
among the (piartz ; a fair amount of felspar. 

‘ The mica is all muscovite ; a lot of distinct 
good-sized Hakes of original clastic material, and a 
more fine-grained ])ortion, consisting mainly of 
newly formed materials, but in which more or less 
clastic material is included. 

‘ There are also some chlorite, zircons, and rutile 
grains. 

‘ In this particular section the })ro])ortion of mica, ■ 
to quartz and felspar is not large, and there is no 
great effect of lamination or lissility ; hut the Hakes, 
both old and new, are almost all Hat in the one ])lane, 
and there is evidence both in tht‘ mica and the 
quartz grains that this rock also has undergoing 
much pressure.’ 

Specimen No. 11, Plate XXXIll., is from 
another bed in the same quarry as Xds. U and 10. 
Outwardly it resembles Iso. 0. The bedding and 
cleavage are coincident. 

‘Again a micaceous grit or quartzitt*. It is 
finer in grain than No. lO, and less felspathic*., and 
the amount of chak-edonic (secondary) silica- in 
among th<‘ (piartz grains is larger. 

‘ The proportion (jf mica is higher than in No. 10, 
and as it is not eviuily diflftsed, but lies mainly in 
separate bands, tin.* effect of lamination is more 
pronounced. 
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‘ There are grains of ^^ircon and rutile, and a 
good many fragments of tourmaline.’ 

Differevces between the Slates and Grits . — An 
examination of the table of analyses and com- 
parison of the chemical composition of the slates 
and sandstones appear to point to the same sedi- 
mentary origin for both. Not. only so, but the 
mineral constituents in them are remarkably similar. 
Silic a predominates in the grits. This silica is pre- 
sent more in the form of pronounced (piartz grains 
and fragments. The mineral changes the two sorts 
of rocks have undergone are also similar in kind, if 
aiot in degree. The original muddy matrix in which 
the C'oarser grains of quartz were embedded appears 
to have become less perfectly mineralised, and a 
largt^ amount of impure cbloritic material and 
im])ure mica is often ])resent, as in No. 9. 


DKStMlIl’TlON OF Pl.ATKS TLLUSTKATINO Sl^ATKS AND 

Hocks of (’ounty C’oiiK 

Plate X>rXT. — P^inest (jualitv of J3enclu£f roofing 
slate (No. (J of Talde). Fig. A, cut paralUd to 
cleavagt^ plane; x 8Si. Fig. 13, cut transverse to 
chiavage plane ; x 88 i. 

Plate XXX 11. — A tine lissilt' slaty grit frohi 
(juarry, W(‘st side of (’loiiakilty Ijougli ^^Xo. 9 t)f 
Table). P^ig. ( ■, cut parallel to fissile plane ; x 88i. 
P^ig. D, cut transvei‘s(‘ to^fissile plane ; x 88.V. 

Plate XXXlll. — P’rom tbe same quarry as the 
preceding (Plate II. No. 11 of 'Fable) ; a similar 
rock to No. 9, but coarser in grain. Fig. F, cut 
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parallel to fissile plane ; x 88 J . Fipf. F, cut transverse 
to fissile plane ; x 88.}. 


In the following tables we have compart'd a 
slate with a fissile sandstone, giving their probable 
mineral composition as regards the chief minerals. 


A’c). 3. 2Iadramina Slate 


Mica (KNa).>0 


. rjO'88 

Chlorite (FoMnMj;)0 


. 11*17 

Uiitile 


0*‘.)1 

I'yritcs . 


0-63 

Calcite . 


1*1*2 

Ferrous (’'arbonate . 


1*26 

Quartz 


. 80*01 

Best 


4*37 



99*80 

l\)ro8ity -= 

2*2 per cent. 



The full analysis of No. 5 left a balance of COj 
after calculating the calcite, which we venture to 
assign to ferrous carbonate. 

In a Belgian phyllade M. Be]iard gives 47‘2I 
and 12'22 for the resjiective percentages of mica 
and chlorite, along with 84*01 of. tjuartx (see 
transcript t)f M. Keiiard’s analysis in ‘ Phylbules of 
the Ardennes compared with Slates of North 
Wales: ’ ‘ Proc. Liverpool Geo. Soc., vol. viii., 1808), 


JYo. 10. Ch’itt;/ Hand from Quarr;/, IIV.sV Side nf 
Clouakilti/ Lfiitijh 
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POKOSITIES 

To help to elucidate the structural peculiarities 
of slates and sandstones and the differences between 
them which we have seen exist in rocks that have 
much the same mineralo^ical composition, and have 
apparently been exposed to similar conditions of 
pressure and temperature, we have determined the 
porosities of some typical specimens. 

The method adopted is that given by Mr. C. 
Moore, F.I.(J., in his very suggestive paper read 
to the Geological Society of Liverpool' on Febru- 
ftry 8, 1898, entitled ‘ The Chemical Examination 
of Sandstones from Prenton Hill and Bidston Hill.’ 
Our plan differed from Moore’s in this respect, 
that the determinations were made on air-di’ied 
rock, and not on rock which had been first dried 
at 100^ (\ ht'/ort' wei<jliin(j and immersion in water. 
The etfec.t of dry ing before immersion is, of course, 
to raise tl\e porosity figure, since this expels 
adventitious iiKusture. In the case of No. 9 
sandstone drying the rock raised the porosity from 
1"1 to 8*0 per cent. ; but with Velenholli slate the 
porosity remained the same. The closer texture of 
slate, rtuidering it less accessible to adventitious 
moisture, will i^xplain this.- The mean weight for 

* Procerflinfj8 of the Liverpool (jeo, *S’or., 1897 98, p. 248, See 
nlso ‘ Tho Study of the Volume Composition of liocks and its Im- 
portance to tlie Gcoloj'ist,’ by Mr. ]tloore, bcfn*^ the IVcsidontial Address 
to the Taverpool (too. Soc., 1901 1902. .Also rmt II. * The Evamina- 
tion of an Ij^neous Intrusion ’ {Pres, AtL 1902 1908). 

- There have been various experiments made from time to time 
by engineers and architects, and others interested in building-stones 
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one of the eij?hteen pieces of rock used for the 
determinations given in these pages was 87 
grammes. 

All the specimens, it may be stated, had lain 
in the warm air of a room for some months, and 
were considered suflicientlj' air-dried for com- 
parative tests such as these are intended to be. 
The duration of immersion in boiled distilled water 
was in all cases twenty-four hours. 

The figures are percentage by volume. 

Table of Porosities 

Per cent. 


No. 1. Tienduff. County Cork. Irish roofing slate . . . I'o 

No. 2. I^d. do. .... 1*3 

No. 3. Slate rock, east side of Clonakiltj’ honglu County 

Cork. (Not a rooiin^ slate) ..... 3'2 

No. 4- Gritty .fissile rock (Quarry No. 1), east side of 

Clonakilty County Cork. Kissiliiy and 

bedding on the same plane . . . . . 2*(> 

No. 5. ^radramina slate, County Cork. A roolin#? slate. 

Cleavage crosses bedding ...... 2*2 

No. 9. A greenish light-grey soft rock, of fissile character, 

west side of (^lonakilty Lough, County (^ork . , 7*2 

No. 10. Same l<K*ality County Cork. ]ied<ling and cleavage 

coincident ........ 

No. 11. Same locality" as No. 10. (It outwardly resembles? 

No. U) . . . . . . . . . 7*8 

Welsh slate. Moel Tryfaen, Alexandra (,)uarry . . 0*5 

Wi*1h)i slate* (banded), LlansanttTraid Glyn Ceiriog, 

Llangollen . . . . . . T . . O’H 

Welsh slate, Velenhelli . ^ , . . . 0*3 

Welsh green foliated schist, Ucaumaris Hoad, Angle- 
sey, Sp. gr. 2'70H ....... 0*77 


to test their absorption qualities. These results are generally giveti in 
weight of water absorbed. * See the ^tfilJrr, .Fune 80, 1894, p. r>08, and 
Prot\ Inst, of <\ ‘ Beare on Building-stones,’ \oL evii. pp. 801 809. 

For our purposes we adhere ‘to the \ohime determinations, as being 
simpler and giving exactly and directly the proportions b<*twecn the 
interstitial s^^ace and llte space occupieil by the solid matter of the rock. 
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Per cciit. 

Morte slate, Mort Point, North Uevon. Sp. gr. 2*821 1*6 

Slaty rock, Parade, Lynmouth. Sp. gr. 2’75!i . . 0*7 
Couibemartin Bay. Silicified band. Sp. gr. 2*806 . 0*6 

Grit, Hunter’s Inn. Sp. gr. 2‘6.'>2 .... 2*9 

Band of very soft Triassic sandstone occurring in a 
bed of red marl at Storeton, near Liverpool. Sp. 
gr. 2*408 14*8 

Keuper sandstone from C'aldy Grange Quarry. Sp. 

gr. 2*606 • . 17-4 

Lower Bunter sandstone from Bore No. 2, Hoylake 
and West Kirby \N'aterwoi*ks, t*23 feet below sur- 
face. Si>. gr. 2*615 . 13*9 

Millstone grit from quarry at Kerridge, Rainow, near 

Macclesfield. Sp. gr. 2*.50 2*8 

All examination of these results shows a marked 
inverse relation between the porosities and the 
strengths of the rocks tabulated. The Welsh 
slates are the most compact, and are as a rule the 
strongest. The percentage of porosities ranges from 
0*8 in Yelenhelli * to 0*8 in Llangollen slates. The 
Irish roofing slates vary from 1*8 to 2*2. The grits 
from (Jounty (.%‘)rk, of much the same mineral 
composition* and affected by great lateral pressure, 
being turned up nearly vertical, range from 2*6 to 
7*8, the lower percentage being the stronger rock, 
the higher, though extremely fissile, being soft and 
having little transverse strength. 

Again, the form* and size of the component 
grains exercise a great infiuence upon the ultimate 
strength of the rock. Both sandstones and slates 
are built-up structures, nuid it, is easy to see that 
a sandstone composed of subspherical grains, oau 

^ This was a fragment of the slate which is mentioned on p* 224,49 
having the transverse strength of English oak. 
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never attain the strenj^th of one made up of grains 
with one axis longer than the other. Not only are 
the areas of contact greater in the case of an 
aggregation of long grains, hut these lend them- 
selves to more perfect bonding by overlapping. 
The mode in which these particles are laid down 
sub-aqueously or by the wind produces a bonded 
structure, the grains being fitted together like 
bricks. A deposit of mineral matter, such as 
secondary quartz, forms the mortar cementing 
them together, and, other things being equal, the 
strength of the resulting rock is in proportion 
to the quantity present. 

It was these considerations that inducted us to 
pay some attention to the porosities of slates jis 
compared with other classes of rock. The result 
shows that tlie interstitial space in slates, especially' 
the more compact varieties, is small as compared 
with sandstones. The (piality of comparative 
non-absorbency of slates is taken advantage of by' 
builders, who sometijues build in a layer of slates to 
form a ‘ damp-proof ’ course to prevent walls becom- 
ing damp by'^ the capillary* attraction of ordinary brick 
or stone, which sucks up moisture from the soil. 
This defect is known to most people \vho live in old 
houses, erected when our ancestors did not indulge 
in such luxuries as damp-proof ’ courses, which 
are now, 1 may says more generally made of 
asphalte. * 

To resume our cons*ideration of relative strengths. 
"We have seen that slates are built up of microscopic 
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overlapping scales, in which the contacts are more 
continuous and perfect than in granular rocks. I 
believe that in the case of the hardest Welsh 
slates the cement is of a more silicious character 
than usual, and that the interstitial spaces are 
extremely minute.^ 

From these experimental investigations it 
appears pretty well demonstrated that pressure 
alone is incompetent to produce slaty-cleavage. 
It is impossible to dissociate slaty-cleavage from 
the contemporaneous dei)osition of secondary 
minerals during shearing. The relative strength 
and perfection of the cleavage depend upon three 
factors, namely : — 

1st. The fineness, homogeneity, gnd mineral 
composition of the original mud. 

2iid. The uniformity and intensity of the 
shearing forces. 

8rd. The completeness with which the second- 
ary minerals are developed, compacted and felted 
together. 

North Devon lioclis . — Among the specimens 
tabulated for porosity are some from the neighbour- 
hood of Ilfracombe. In that interesting neighbour- 
hood other phkses of ^slaty-cleavage may be studied. 
One of the most striking is the effect of lateral 

' As showing tho extremely absorbent nature of some otherwise 
excellent sandstones used for building, see ‘ Experiments on the 
Circulation of Water in Sandstoite ’ (Proc^of Liver/tool Geo. Soc., vol. 
iv. Part VI. pp. 434 47). A solid siphon of Triassic sandstone was ex- 
hibited by Mr. Kea«le at the reading flf the paper, and a vessel filled 
with water draine<l of its contents simply tlurough the capillary tubes 
or interstices of the sandstone siphon. 
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pressure upon the bands of grit that traverse the 
impure slaty rocks. Though the pressure has 
produced a cleavage in the rocks that affects the 
structure of iiniiiense masses and gives a striking 
individuality to the scenery, the fissility of the 
slaty beds is not shared by the grit bands. These 
are in the first stage affected by imperfect cleavage, 
the planes being far apart. Where the bands are 
thinner they are frequently broken up into frag- 
ments. In the final stage these fragments are 
turned on end at a high angle, and lie parallel to 
each other, resembling a bed or row of nearly 
vertical nodules. An examination proves, however, ■ 
that they are not nodules, their clasti^^ structure 
being well preserved. Hound these fragments tluj 
foliated slaty rock has flowed in the same manner 
as the mica and chlorite have flowed on a minute 
scale, round the larger grains of quartz, as seen 
in microscopic sections of slates. 

Repkisits of former Tables of Chemical Analyses 
AND Reproduction of accompanying Illustrations 

For the purposes of comparison I have repro- 
duced the Tables of Chemical Analyses of our 
three published pap(‘rs already several times 
referred to in this chaptcT ; accompanying them 
are also the micro-photographs with which they 
were illustrated. * 

It would have taken up too much space to 
reproduce the descriptive details of mineralogical 
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characteristics of each specimen ; those who desire 
it can consult the originals, viz. : 

‘ The Phyllades of the Ardennes compared with 
the Slates of North Wales,’ Part I. {P roceed imjs 
Liverpool Geo. Soc.^ 1897-98). 

* The Phyllades of the Ardennes compared with 
the Slates of North Wales,’ Part II. (ibid., 1899- 
1900). 

‘ The Green Slates of the Lake District ’ (ibid., 
1900-01). 

^ Phff Had ea of the Ardennen compared with the 
Slates of North Wales' (Table 2) 

U’ht; following is a list of the specimens of rocks 
and their localities to which the acfcompanying 
table refers : — 

No. 1. J31ue qwurtzitc, Specimen A, collecteil near Fepin, Ilevinien, 
Vallej' of the Meuse. 

No. ‘2. Quart^.itc, Speciiueii li, collected near Ft'pin. Devonian 
inferieure. Valley of the Meuse. 

No. S. Phyllathi Ottrelitiferc. Revinien, Montheriiie, Valley of the 
Aroufio. 

No. 4. rh,\llade Ainiautifere (green), from below Montherme, Valley 
of the Meuse. 

No. a. Slate quarry between llaybes and Fepin. Phyllado Devillien 
(violet). Valley of the Meuse. 

No. 6. Penrhyn slate (1). Cambrian. 

No. 7. Penrhyn slate (4). • Do. 

No. 8. Egryn slate, Barmouth. Cambrian. 

No. 9. Slate from quarry above Llanllyfni, near Pen-y-groes. 
Silurian. . 

No. 10. Slate from Velenhelli, near Llanberis. Cambrian. 

No. 11. Delabole slate. Cornwall. 

No. 12. Mathews red slate. Vermont, U.^.A. 



Table 2.--‘THE PHYLLADES OF THE ARDENNES COMPARED WITH THE SLATES 

OF NORTH WALES,’ Pabt I 
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Table 4.— LAKE DISTRICT GREEN SLATE.— TABLE OF ANALYSES. 
Material for Analyvis wan dried at 100 ° C. 
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* Phylladest of the Ardennes compared loitli the 
Slates of North Wales, ^ Pari II. {Table 3 ) 

DeHcrii)tion of Plate XX XIV 

Fig. i\ Best sbitcs Alexander Quarry, >rool Tryfaen, cut parallel to 
cleavage plane. 

Fig. D. Best slate, Alexander Quarry, ^^oel Tryfaen, cut transverse 
to cleavage plane. 

Fig. Best slate, Alexander Quai’ry, Moel Tryfaen, enlarged ; 

X 200. 

(These are all No. 1 of Table 3.) 

Fig. E. Slate, Ijiansantffraid Olyu Coiriog, near Llangollen, cut 
transverse to cleavage (No. 2 of Table 3). 

Fig. B. Slate, Tdaiirliwydroes, Anglesey, cut transverse to cleavage ; 

bedding and cleavage coincident (No. ;> of Table 3). 

Fig. A. Schist of Holy Island, Anglesey, cut transverse to folding 
(No. 10 of Table 3). 


‘ The 


I'i}?. A. 


F iK. B. 
Fi^'. C. 


Fi-. ]). 
Fi-. E. 

Fi-. F. 

l-ig. <-J. 

Fis* If- 
Fig. 1. 

I 'ig. - 
Fig. K. 

Fig. 1;. 


Green Slates of the Ijoke District' {Table 4 ) 

9 

Deticriplum of Plate 

Buttonnerc» green slate, No. 3 of Tjiblc, cut transverse 

to cleavage plane . . . . . . . > 11 

Do- do. do. . . .X 84 

Vcnrhyn slate. No. 0 of Table in Part I. of " Pliyllades 
of the Ardennes,’ »S:c., cut transverse to cleavage 
plane . . . ■ - - - • .,11 

Do. do. do. . . . X 84 

rhyllade Devillien, No. 5 of Table, Tart T. of 
‘ Pliyllades of the Ardennes,’ cut transverse to 
cleavage plane . . . . - . .11 

l)o. do. do. . . .X 84 

* J)cscri))tioft of Plate XXXVl 

* • 

liutterniere green slate. No. 4 of Table, cut transverse 

to eleavage plane . . - - . • . v 11 

Do. do. • do. ... 84 

IhUterinere green slate. No. 4 of Table, cut parallel to 

ch‘avage plain* - • • • • . x 11 

1 )o^ lit). do. • . . • H4 

Tilbertliwaite green slate, Ntf. o of Table, cut trans- 
verse to cleavage plane . . . . • . 11 

Do. do. cut parallel tt» cleavage plane . . 11 













BOOK III 


BBPRINTS, SPECULATIONS, AND 
OLOSINO REMARKS 

CHAPTER XX 

DKNUDATION OF THE TWO AMI2RICAS ‘ 

‘ Whence it appears, not only that in proportion as knowledge becomes 
quantitative do its previsions become complete as well as pertain, but that 
until its assumption of a quantitative character it is necessarily confined to 
the most elementary relations.’ — Iterbirt S/icnccr'.s Esnai/s, vol. i. Essay iii. 

I NTKODUOTION 

W tlKN, in 1876, 1 had the honour to deliver a Presidential 
Address to this Society, I chose as its snbject-in alter 
* Geological Time.’ I then had the pleasure to lay before you 
some calculations relating to ‘ Chemical Denudation,’ which at 
the tim<i possessed some little novelty. Since the information 
was puhlislted it has, to a certain extent, been incorpoifited 
with geological literature. The subject was, however, far from 
htung exhausted, nor is it likely to be for many years yet to 
come. In the nfeantime, having accumulated additional faots, 
it will be parti of the oliiject of this address to arrange and 
analyse them, so as to check the original generalisations, and 
further to illustrate the value in geological speculation of an 
accurate know'ledge of the i*elative* magnitude of the various 
objects and things dealt with.^ 

The importance of a quantitative examination of geological 
data is not yet properly ai)preciated* Some of our author.iti(;s. 
‘ Presidential .Vddress to the Liverpool Geological Society, Session 
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as may be seen in quotations from them in manuals and text- 
books, hardly get further in their reasoning than is shown in 
the following examples. Suppose it were an attempt to esti- 
mate the extent of time during which the Coal-measures wore 
being laid down, the formula would probably bo as follows : — 

‘ So many feet of mud-sediment were laid down in a century ; 
the Coal-measures are so many thousand feet in thickness ; 
there are such a number of scams of coal of a given thickness, 
with a thousand years for the formation of each vertical yard, 
and the result arrived at is 640,000 years.’ Or say it is an 
estimate of geological time that is required, then the following 
appears to be a not unusual method : — ‘ Assuming that 
of an inch of sediment is laid down in one year, and the 
total thickness of the whole of the sedimentary rocks is so 
much, then the time taken in their production is 100,000,000 
years ; ’ or whatever figures this intricate calculation leads to. 
Whether the result arrived at is one hundi’ed or one thousand • 
millions, or only a million years, the figures are probably to 
most people equally incomprehensible, and therefort‘ inteivst- 
ing. Nor neqd we be surprised, foi* there are some singular 
instances extant of inability to gj’asp the relations of ligur(*s 
when only thousands are dealt with ; for instance, in Phillips’s 
‘ Treatise on Geology ’ (1839), in vol. ii. p. H, tliere is a calcnla- 
tion relating to the sediment laid down hy the Ganges, in 
w'hich the avei’age waste of the di-ainage basin of the Ganges 
is estimated at ' of a yard, *v'hich is about j | , of an inch 

per annum from the w’hole surface of tluj drainage.’ Th(i final 
result arrived at is that the whole of the Knglish Tertiaries, 
averaging 300 feet thick, and 6,000 sfpiare miles in c'xUmt, 
cotild have been laid down l)y the Ganges in 8,000 years. 'I’he 

, , and the time, in rough figures, 80,(K)0 

years 

.1 was, however, very much interesteil when I met with this 
calculation, for, though it appears inebn ect in most particulars, 
it is the first attempt T know of tt) nit*asnro the averagt* waste 
of the drainage basin of a )-iver. Previously Mr. .\. T^ lor had 
tVie credit of originating itiis mode of investigation (‘Changes 
of the Sea Level,’ ‘ Phil. Mag.’^18f).‘l), which w'as more fully 
worked out l>y Dr. Geikie*(“Crans. Geo. Soc. of Glasgow’, 1808’), 
and Dr, Croll in ‘Geo. Tinfe,’ ‘Phil. Mag.,’ t8()8).'’* If Phillips 

' It is much more than this. 

'iAt 

See Darwin on Ktit th Woiins, 



DENUDATION OF THE TWO AMERICAS 257 


had l)oen in the habit of making these calculations, he would 
havf! seen at a glance that the result was wrong, and would 
have checked his ligurcs. To preserve accuracy it is, however, 
essential to iiave all calculations checked by another individual, 
for, as far as my experience goes, even inathematiciixns are no 
more exempt from errors of calculation than ordinary men. 

The worst circumstance connected witlx these eiTors is, that 
they get copied from one hook to anotlier without any attempt 
at veriHcation. Of this T could give numerous instances, hut 
such a course would he inv'idious, and raise too great a storm 
about niy ears. 

It would seem, however, as if the figui’es possessed little 
meaning to most people, ^)r the inaccuracies would he more 
(juickly detected, at least by scientific me.n. For my own part, 
I can only say T shall feel indebted to any one who may find 
en’ors in my own calculations, if he will take the trouble to 
acquaint me with the fact. 

With these preliminary remarks 1 will proceed to inquire 
in what way a,n aeeuratcj knowle<lge of the juunerical proi)or- 
tions of the matei ials of roc.ks, their solid contcJi'ts and extent 
in relation to one another, the esirth and the obean, and the 
rat(5 of a<*cumidation, may affect our entire conceptions of 
various geological problems. 

In my presidential atldress, lH7fi— 7, 1 ventured incidentally 
to remark that Jlutton laid the foundations of our present 
knowledge of physical geology. The re.viewer, in Nature, of 
my ‘Chemical Jtenudation’ (October 2, 1879), takes excep- 

tion to this, itiiifsiiys: ‘11c gave; us the grand method of geo- 
logical study, hnt certainly many of the facts were well knowm 
before his time, and others have no I'elation to liis researches 
or method.’ Again, Darwin says: ‘Until the last twenty or 
thirl\ years most geologists thought that the waves of the sea 
were the chief agents in the w’ork of denudation ; Imt we may 
nowh i-l sure that air and rain, aided by streams and rivers, are 
tmich more powerful {igeiiLs, that is, if we consider the whole 
area of the land.’ 'I’liis is true, hut it is also true that Hutton 
hail a e-orrect conce])tion of tlu; same truth at the end of the hist 
centutw ; and it seems a.ma,zyig tliat his cogent logic and 
reiterated stalianents to the same eff<‘ct were so long in being 
appreciated and understooil. A j)er1tsal of the ‘ Theory of- the 
Fartli ’ will well i(*pa_\ tin* reading even now, and I hoite to 
• the lime wIkui a reprint, with full editorial notes, will l.e 

S 


set 
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otJered to the public. At present it is all but inaccessil)lo. 
The whole theoiy of subaerial denudation, as at present under- 
stood and accepted, is tliero as clearly lai<l. <lown, an<l in us 
lucid and jjlowinj' language as is possible. How fjyoll could 
call his style dry and uninteresting amazes me. To the last 
Lyell never thoroughly accepted the Huttonian theoiy of 
denudation, which underlies all our modern notions of physical 
geology almost to the extent to wMch gravitation uniltivlies the 
science of astronomy. In the tenth edition, 1867, of his 
immortal ‘ Principles,’ Ta'cII says (vol. i. p. 78), spt'aking of 
Hutton and Playfair: ‘They ascribed valleys in general too 
exclusively to the action of the rivers now flowing in them, 
not allowing sufliciently for the excavating and transporting 
power which the waves of the ocean must exert on land 
during its emergence, nor for those inequalities of the sur- 
face which must he produced by movements accomjianying 
the upheaval of the land ; ’ but Hutton himself gives the clue, 
to these misconceptions when ho says : ‘ These consolidated 
masses arc resolved in so slow a manner that iiothintf 
hut the most *phil(jHophiC(U et/e, hi/ reiisuiiim/ on <t cluihi of 
facts, is able* to discover it’ — the italics are mine. But, 
further, he indicates the way in which his ideas have finally 
triumphed : ‘ Nothing is more steady than the resolution of 
our land, nothing rests upon more certain pi’inciples, and tln-ve 
is nothing which in science may he move easily investigated.’ 
Notwithstanding this luminous reasoning, the ideas were for 
a long time consideretl if not actually false yet oxaggt'rated 
beyond all bounds of truth; but the demonstration has heeti 
complete, and through what? — throiujh quantitative ralruiiifions 
from ascertained data, which put the truth of his genisalisa- 
tions beyond the shadow of a doubt. The amount of detritus 
brought down by rivers was weighed aiu! , gauged by many 
nfodern investigators, and found far to outwejgh the de-nudation 
caused by tlu^ waves of the sea. Tylor, (leikie, and (h-oll calcu- 
lated and proved it; Ramsay, by another liiw of reasoning, 
showed the enormous amount of rock that had been l emoved 
by sub-aerial denudation in the mountainous parts of Wales ; 
and ^Ir. Whitaker followed it qp by very original reasoning on 
the. origin of escarpments. 1 ventuie to thitik that my own 
investigations of chemieaf denudation, a prtjviously unworked 
mine, have also had sonu! littht influence in the a<*<'eptanee and 
development of the theory. But we must not forget that 
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Hutton, though he could not prove it by figures, had as clear 
a conception of the fundamental truths of denudation as 
any that have come after him ; and here lies his great merit, 
entitling him to be considered, in my opinion, the father of 
physical geology as now understood. I trust the preceding 
remarks have indicated, if but feebly, the value of figures in 
their bearing on the demonstration of geological truths; and 
I venture to say tliat no one can possess a competent know- 
ledge of the forces which hav'e fashiontjd our earth until lie has 
realised in his mind, by numerical investigations, the pnipor- 
tions of the matter to be dealt with. There has been of late 
much crude speculation on the distribution of land and sea, 
the origin of continents, the permanence of oceans, &c., which, 
if the writers possessed an accurate knowledge of the geometry 
of the earth and ocean, we might have been spai'ed. 

'Phus we hav'e oceans de,e})ened or shallo\ved at the will of 
•the theoriser, without any attempt to follow out the con- 
se(|uences. It seems to escape these philosophers that the 
volume of water on the globe is a constant qtxantity, that if the 
oceans become de.eper th(i land intist increase fn area, and if 
they become shallower the continents become submerged. In 
happy unconsciousness of these elementary truths they toil 
and s]iin to obtain some particular facts that have made an 
iinpi'ossion on their minds. 1 need hardly add that, unless 
tlu; theorist gras])s all tluj consequences of his hypothetical 
rearrangenusnts of land and wati‘j‘, they possess but little 
value. • 

UKKUD.V'rrON OF THK TWO .VMEltIC.VS. 

My former calculations dealt almost exclusively with the 
amontu of matter annually removed in solution iti river water 
from the surface of England and Wales, and from sonie of the 
river basins of Europe. T now’ propose, laying before you calcu- 
lations of a similar nature relating to some of the largei* rivers 
of the two America.s. This done, we shall be able to take a 
wider survey of the suhji*ct, an(f ascertain how the pro- 
visional generalisations led to^ by previous investigations arc 
confirmed or otherwise by the greater Experience since gained. 
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THK MISSlKSrPl'l 

First, then, we will see what the Father of Waters, the 
Mississippi, tolls us. I may observe that for a Ion#; while I 
fo\ind him very reserved and disinclined to answer to my 
questionings. Years elapsed, and letters innumerable wore 
written, before I could alight upon any analysis of the waters 
of the Mississippi, reliable or otherwise. At last, through the 
kindness of i*rofessor J. W . Spencer, of the State University of 
Missouri, 1 was supplied with the following analysis : — 


.VNAL.YSIS OP MISSISSIPPI W.\TEU, SEAU OARROIiTON, A FEW 
MIIiES .ABOVE NEW OltliEANS ‘ 


In a (lallon (56,(X)0 gi'ains) 

Potash sulphate . | 

„ chloride . r . 

Calcium chloride . I 

Silicic acid ....... 

Alumina • . 

Calcium caVbonatu ) 

^fagnesiuin . ^ . 

Organic matter ...... 

Tt»tal solid residue . 




. 31o4 

. ti45o 
. 1763 

. 7-307 


. O-HIS 


. 1.V4H7 


According to this analysis the proportion of total solids iu 
solution is by weight If we take tbo tiiyan annual dis- 

charge of the Mississippi at o41,()(3t3,0(>(>,b()0 tons,- in round 
figures, there are loO million tons of solids in solution per 
annum poured into the Oulf of Mexico by the Mis.sissippi — a 
truly remarkable quantity, which, if reduced to rock at 16 feet 
to the ton, is represented iu rouml ninnbors b_\j- HO scpiare. luilos 
1 foot thick, .\ccording to Messrs. i|um))breys and .\bbot, the 
pro])ortion of seditixMitary matter to tlie water by weight is , 


’ Avcqnin {JoiiDt, I^hnrm, :r« XXXI L p. 

- ‘ Kepert of Hnniph»o>s and AMn.t ’ (IsVC.). p. ll(> l'.)..>00,000.00t),000. 
cubif' feet, at feet to tlin ton. 

The note.^ in itsilitw are not part of J.he original Adtlres.-:. 

tu an analt^si.H hf/ Pjnfe^snr ./. A, 

(f/co/pi/// of Minni'sotft, Vul. I In of thr final by N. If, W'uirheU, 

1 HH 2 - 0 ). fbf' (jiaiiis /icr yallon in thr MisstssijfpL aboxH^ Minm'aiHyhs //*♦#, 
and. hvhnc 12,.T2‘2. TJtr yallnn^, f injer, irere United States yalbni^ 

tyanis). 
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and the total discharge of matters in suspension, excluding the 
three outlet bayous, is, according to them, 362,723,214 totis.’ 

The amount of matters in solution varies within certain 
limits in river water, according to the time the samples are 
taken. There are in some rivers -•■■the Nile, for instance — 
sciisonal variations ; and doubtless a river with many aiHuents 
travei’sing strata of various degrees of solubility must vary in the 
chemical composition of its waters according as the flood may 
come from one or the other tributax'y basin. The last analysis 
would make the total solids in solution exactly of tliose in 
suspension, and it is a remarkable fact that this is the pro- 
portion that holds good with the Danube and the Nile, as T 
have before pointed out.^ 

If we take the drainage area of the Mississippi proper at 
1,244,000 sfjuare miles, the calculated amount of solids in 
solution, according to the analysis, will be 120 tons removed 
from each squai’e mile of surface per annum. From the 
surface of England and Wales I have shown that 143’5 tons 
pur annum are removed in solution,*’ and from the Daiiube 
basin 90 tons, so this is a mean, and probably correct. 

It has l)een estimated that th(^ basin of the Mississippi is 
low’ered at the rate of one foot in 6,000 years,* but this rate has 
been calculated from the removal of sediment alone ; if wo 
add to the matter removed mechanically that in solution, it 
will raise tlu; rat('. to out! foot in 4,/>00 yea)*s.'’’ What stronger 
evidence can we have of the importance of chemical action in 
geological investigation —an importance that has hitherto been 
strangely overlooked ? 

Not less surprising, considering the apparent insoluljility of 
silica by ordinary agencies,' is the fact that in round numbers 

’ sia.aOG.OOO.OOO lbs. - ‘ Jtivers.’ Trans. ITpool (ieo. Assoc., 1882. 

^ Chemical I )eit ltd a lion, p. 20. ' Geikie, Text Book of Geology, p..444. 

' Aecovtliu" to ‘the 1 have taken, it would be one foot in 0,375 

years. 

* Ttiis is estimated as follows: Drainage area 1,244,000 square miles; 
annual sedimentary discharge fi-om the same area 302,723,214 tons, solids 
in ^,olution 1.50, 000,000 tons ; the average rock is estimated at 15 feet to 
the ton. Strictly speaking, to thi^ should be added 750,000,000 cubic feet 
of matter, estimated to be pushed along the iftottom and the discharge from 
the bay«>us. For simplicity’s sake I omifc these elements. 

• Mr. M. 15. Wadsworth has shown that ordinary atmospheric agencies 
produce a greater effect upon rocks of a siliceous character than is generally 
believed. -See American Journal of Science, December, 1884, p.4<>(>. 
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from 23 to 24 inilliotis of tons of silica are poured into tlie sea 
annually by this river, wliile there are 70 million tons of 
carbonate of lime and magnesia. 

There is also an exceptional quantity of alumina ainl a low 
percentajje of sulphates in ibis water.* 

THK UIVER l*L.ATK, OU KIO OK li.V PL.VT.V 

The next river I shall deal with is the Rio de la Plata, the 
second greatest river of the South American continent. 1 am 
indebted to the very exhaustive series of observations and 
analyses of the waters of this river containeil in the report to 
the Commission of Running Waters of the (Mty of Huonos .\yres, 
by Juan J. J. Kyle, in 1872 and 1874, for most of the informa- 
tion relating to this rivei*. T must here express my thanks to 
Mr. J. E. Hawkes for his valuable assistance in translating the 
pamphlet for me. • 

I find that the mean of 14 analyses of water taken at 
difterent times (April, May, and June) in the neighlxmrhood 
of and above the city of Buenos .Kyres gives a proportion ^ 
of solids in solution, which, taking the dry weather flow of the 
La Plata at G70,000 cubic feet per second “ (Bateman), will 
equal 2-8886 tons per second, or 91 million tons pta- atnunn in 
round figuies. The drtf weather flow of the La Plata ecpial.-. 
the })ic(f}i annual flow of the ^lississippi. The mean annual 
flow of the La Plata is not known, but it must be greatly in 
excess of the dry weather How, and sullicient tt» bring u]) the 
total amount of dissolvetl matter to above that of the ^lississippi, 
though it appears from the analyst s to have a less percentage, 
in its waters than has the Mississippi. It seems fi‘Om tho 
report of 1874 that in two analy?>es of the La Plata water on 
September 1.5 and 18, the matti-r in solutioV reachetl a prf)- 
portioii of T, According to an antilysis of ‘tin* waters of the 
Parana supplied me by Dr. I'rankland,® they contaitied a pro- 
portion of only of solids in solution. Mr. Juan Kyle 

states that thert* is very little difference between the waters of 
the La Plata taken at 8.50 meti-es from the slmre Jind the water 

• 

Sefi Hirers of N’wlJt Ai)U’7'iea for other information carefully arranged 
by Israel Ilusecll and Dr. H. J. von Jloeseii. 

- See Chemical Di-nudatirm, p. 5.1. 

■* JltUl. II. 23. 10-Ort parts per lOO.ttOO. 
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of the l^iran& do los Palmas. As the Parana supplied, accord* 
ing "to Gainful measurement by Mr. Bateman, 520,000 cubic 
feet of water per second to the Ba Plata, while the Uruguay 
was estimated at otdy 150,000 cubic feet at the same time, it 
follows that the chemical constituents of the water of the La 
Plata must vary considerably at different times and seasons. 
Probably the analysis on which I have made my calculations 
will represent a fair annual mean of the solids in solution. 

The estimated drainage area of these two rivers is 1,250,000 
S(pxai‘e miles, so tliat were the mean annual discharge known it 
would probably tu)'n out that the greater discharge of the La 
Plata would more than compensate for the smaller percentage 
of dissolved matter in its waters, and bring the chemical 
denudation per square mile of river basin up to or beyond tliat 
of the Mississippi. 

Tlie observations of Mr. Bateman wore taken in the month 
of December 1870, when the river was at its lowest state, ^ a 
continuous drought of six or seven months having diminished 
the ordinary sources of supjily, and the periodical liso from the 
Andes not having commenced.’ Ft is diflicult- .nay impossible 
to })rodict the mean delivery from the dry weather flow ; for 
instanct‘, the mean flow of the Rhine is given by Beardinore as 
over twice the ordinary summer flow, that of the Rhone at 
.Avignon as nearly three times, and the Nile at Cairo as over 
seven times. 

The waters of the Ija Plata are distinguished by the fineness 
of the matter held in suspension ; this consists, according to 
^Fr. Kyle, pi’incipally of clay. This clay continues a long time 
in suspension, even after filtering. It will pass through the 
pores of the best filtering papers, the water pi'eau'ving its tur- 
bidity even after months of repose. Tliis is a ^HUre, accord- 
ing to ^Fr. Kyle, w'hich is common to all watei's that ai’e weakly 
alkaline. Seveial chemicals added to the xvater w'ill, however, 
precipitate the solid matter by making the muddy particles 
coagulate into larger compound particles. Chloride of calcium 
in the proportion of 1 to 5,000 parts will act in this manner. 
The analyses given by ^Ir. Kyle are after 48 houi's’ subsidence. 
The matters in suspension, gis is the case with other rivers, 
vary much according to the state of the river, and the xvater 
is more impure near the shore thaiT at 850 metres distant^ 

Tt is pretty well known that an admixture of sea-water with 
turbid fresh xvater tends to hasten the precipitation of the solid 
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matters,^ bub it is very probable, as will be seen before 1 con- 
clude, that the extremely divided solid matter will be carried 
far and wide bv oceanic currents liefore it can settle to the 
bottom. 

The annual amount of solids in suspension in the La Plata 
waters has never to my knowledge been determined, oi- even 
approximately estimated. 

THK ST. nAWKKNCE 

The next river on the Amei*ican continent about which we 
have any knowledge worth s).)eaking of is the St. Lawrence. Tlie 
elements for a calculation such as I wisli to make are, however, 
unfortunately rather vague, liven the area of its basin is .stated 
differently by different authors. According to (luyot * its basin 
— including, I presume, the area of its immense lakes — is two- 
hfths that of the Mississippi, while it is said to pour inU> the 
sea more than twice its volume. This must, however, he an 
error, for it would give 40 inches of rain run off the area ])er 
annum ; whereas, acconling to the Rainfall Map of th<* Worlil 
prepared by Loomis (‘ American .Journal of Science,’ vol. x\v. 
p. 88, January 1883), the whole basin lies in the area of rainfall 
of from 2.5 to *50 inches. If w»*. wo.re t<'> take it at 20 inches rtiii 
off the ground per annum, or half the stated delivc‘ry---tluit is. 
a volume etpial to the Mississippi — after deducting the area id 
the great lakes, where denudation cam\ot act, the chemical 
denudation would still he enormously great. 

The only analysis 1 have met with gives thft proportion of 
solids in solution at so that the denudation would 

amount at that rate to over 200 tons per square mile j)er 
annum. The one thing probable, how'ever, is that tlie matter 
removed in solution is more per square milt', thtin from that of 

I 

* Sec ‘ l*recipitation of Clay in Fr<*sh Salt Walur,' Vjv 1>. Hobuil^on 
{Traits, of Olas, (leo, vol. iv. imrt iii., i). 257). 

- Physical Geography, 

^ 10*05 per 100,000 parts. Jfahresbcricht der idtrmir^ pi-r J*rofcs'-or 
Fninklaml. 

Note, July lOO'J.- This analysis war, T beliwe, tuade by Sfrrry Hunt, 
ami ptiblisJu^d in the ‘ Gculogtf of Canada,' p. 507 (tSoiifh side Point tie 

Cascades), • 

Note, July 190H. - After this .\ddress teas delirered I obtained a sanifde 
of the Sf, Lawrence water through the late ^fr, James It. Montgomery, a 
steamship owner of Liverpool, U was analysed by the late Mr, Norman 
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the Mississippi basin. ^ The matter removed to the sea in 
suspension must be comparatively small from the clearness of 
the water due to its passing through the great lakes. 

J ate* The label oil the hat tie teas as follotos : ^Sample of water taken 
from the south side of the river opposite Montreal^ November 24, 1884.’ 


Analysis 

Tn 100,000 parts of water 


Free Ammojiia 


. 0001 

Albumenoid .... 


. 0*008 

Nitrogen as Nitrates 


. 0*003 

Chlorine in Chlorides . 


. 0*355 

Ojnjgen absoi bed in 15 minutes at 80^ . 

. 0*022 

„ 4 hours 

• • 

. 0*047 

Carbonate of Lime 

• « 

. 7*350 

Carbonate of ^Jagncsia . 


. 2*270 

Sulphate of Lime - 


. 0*400 

Sulphate of Magnesia . 


. 1*512 

Sulphate of Soda . 


. 0*23(5 

Chloride of Sodium 


. 0*585 

Carbonate of Soda 


. ^ . 0*054 

Silica ..... 


. 1 . 1*480 

15*2‘23 


’ Thvouj 4 :h the kiiulness of the late Dr. Alfred Selwj'n, Director of the 
()eolo{<ical Survey t»f Canachi. I was, after the above was written, sup- 
plied with tlie following information obtained from the Montreal Harbour 
Commissioners’ Engineer ; 

* The discharge of the St. Lawrenee Itivcr opposite Victoria Pier, 
Montreal, varioa^from about 580,000 cubic feet per second at high w'ater 
of 21 feet on the lower look sill of the liachine Canal in the latter part of 
May, to :i80,000 at low water of 17 feet on the sill in October.’ 

Thus it would appear tliat the minimum How at Montreal is somewhat 
less tliim the mean How of the Mississippi. The dilt'erenco between the 
maximum and minimum How is probably Jess than that of any other great 
river c*n the globe, due, doubtless, to the enormous reservoirs, in the form 
of that w’onderful group of •lakes from which its supplies arci drawn. As 
the St. Jjawrence receives the waters of tbti Richelitni, the St. Maurice, 
the Saguenay, ami many minor rivers below Montreal, the estimate of the 
discharge on wdiich I have based the calculations is probably near the mark, 
and is a satisfactory proof of the accuracy of the reasoning adopted. 

Noi’k on Nt.xoaba, iV<'. — The English Cyclopedia, article ‘Canada,’ says 
that the mass of water projected over the Palls of the Niagara per minute 
is 710,000 tons ( = 420,000 cubic feet pei^second), but at wliat season is not 
stated. Stanford's Compendium of Ceography and Travel gives it as 
ir»9,H44,000 gallons per minute ( = 75r,,000 tons; in the ‘General Descrip- 
tion of the North American Continent,’ Ac., in page Part II., at 701, ‘250 
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THK AMVZONS 

The Kiver Amazoiis is coinpaired by Agassiz in its main 
features to the Mississippi, inasinucli as it lies in a Cretaceous 
basin. ^ I think, Imwever, the analogy is a fanciful one. The 
valley of the Amazons is distinguished from other river valleys 
by its immense extent, the drainage basin being estimated by 
Humboldt at over three million square miles. The basin appears 
to have existed in its present form before it became 

partially tilled with the remarkable deposits of red sandstones 
and clays which cover an immense area, and which the river 
is now engaged in rapidly removing to the sea. The upland 
portions of the basin are largely composed of the granitic 

tons). It also states that the Iliver St. Lawrence is the largest in North 
America as to volume (p. ). The Pupa lor Ci/cloptPdin says it <listjliarf^es, 

it is computed, 11)0,000,000 tons of water each hour ( — in round figures 
1,000,000 tons per minute); while lleclus {TJie Kurih, sect. 5. p. S44) says 
the river above the cataract discharges on an average 1,300 to 1,400 cubic 
yards of water per second ( = 03,000 tons per minute). Tin* Handbook 
and OJ^cial Catnl^)gui% Paris Universal Exhibition, 1M7H, p. 14, says : ‘ The 
calculated discharge from the upper lakes by the Niagara River is over twenty 
millions of cubic feet per minute ’ ( tons per minute) about 

half the discharge of the Mississippi. Tfie statements of the areas of the 
basin are equally discrepant. According to the Jmppvinl Qttzetteer tlie 
area of the basin of the St, Lawrence is *i07,r>00 square miles, of which 
94,000 are covered with the water of the lakes alone. 'Ihe Knijlish ( 
picdia says: ‘The whole basin of the St, Liiwivnce is calculated by l)arby 
to contain o37,000 square miles, 119.000 of which is ocenpied by lake> and 
its estuary, and that the basin above* Niagara is 2o0,0t0 sipiare miles.' 
HUxnford’s North Anict tea does not giv’e the area of the Si, Lawrence basin, 
but says that the Mackenzie and its uibutaries are about ooO, 000 square 
miles, almost double that of the St, Lawrence* basin. 

Noto^ July 1903.“ r/fora, in tJw Anivncan Jounial of Srnutct’' 
(April 1887, pyi. 278-84), gi res full put ticnlars o/ thr si.re^ depths and outjfuws 
Pf great Aviencou lakes. In a paper read before Americ 4 tu Society 
of Kngiiieerst Mr. Ihoijaniin Ithode.^ gives Ntr ai'erag^ flow of the Hirer 
Niagara, accorditig to very careful vivasnrcnients if tlw U. S. Jjoke Surrey, 
as 275,000 cubic feet second, p Kngiveer,^ November 27. 1885, p, 417.) 

Discharge ot the Si. Daimence. — Forty miles behne Montreal the urea of 
the cross section in 1880 was ll.>,300 sytiare feet, the discharge 311,100 
cubic feet per second, a 7ul in with water level \ ft. 9 in. l* 72 cer, the cross 
sect W7t area was 105,400 sgn^tre feet, and discharge cubic feet jter 

second. (Mcfdcod, * Min. Proc. ^of Institutitm nf (Uvil Knginee^'s,' x'ol, 
cxxviil.. May 1897, p. 370.) 

Geological Sketches --- Physical Hishtry of the Valley of the Amazons, 

p. 171. 
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and ci'ystallino rocks which ai‘e such a prominent feature in 
the liruzils. The sandstones and clays that liavo so large 
a development over the bottom of the basin appear to be 
Post-tertiary, and laid down by the river itself. There are, 
however, Tertiary rocks in a part of the basin,* possessing an 
estuarine character, in addition to Cretaceous rocks ; while on 
the flanks of the Andes ‘draining into the river are found both 
Cretaceous and Carboniferous rocks. The larger area of the 
basin appears, however, to be occupied by crystalline I'ocks 
and the Post-tertiary sandstones and clays ; but a very large 
part of the basin seems never to have been geologically explored. 
The basin of the Amazons has also the peculiarity of being 
situated both to the north and soutli of the equator, and in an 
area of very heavy rainfall. The chart of mean annual rainfall 
by Loomis, before referred to, puts it at from 50 to 75 inches 
for about j| of its area, tlie remainder near the Andes being 
over 75 inches. The volume of water discharged by the river 
has been estimated at fi’oni 2,700,000 to 3,510,000 cubic feet 
per second. Taking the mean, this would give about 15 inches 
run otif the ground, or 0‘25 of the total rainfall if we take it at 
GO inches, about the proportion that flows off 'the Mississippi 
basin. The mean rainfall of the Mississippi basin is estimated 
by Messrs, lluinplireys and Abbot at 30‘4 inches. Probably 60 
inche.s would represent the mean rainfall of the Amazons 
basin. Por the purposes of this calculation 1 take the mean 
discharge at 3,105,000 cubic feet per second, or 86,250 tons = 
2,719,080,000^000 tons i)er annum. - 

Through the kindness of Mr. I'h Ldmondson, of Messrs. 
Gunston & Co., of Liverpool, I have obtained a sample of the 
water of the Amazons, taken in mid-sti’eam between the 

' See ‘ On the. Tertiary Deposits on the Solimoes and .lavary Rivers in 
Brazil,’ by C. BirrinKton Brown, Q.J.G.S., 1879, also ‘Ancient River 
Deposits of the Anflszons,’ ibiil. 

. - Bates, Niitiiralist on the Amazons, vol. i. p. 2:J7, .says : Von Martins 

estimates the vohiine of water passin}? throuj^h the Straits of Obydos at 
499,.>H4 cubic feet iicr second. He arrives at this result by takinp; the 
depth in the middle at 00 fathoms, and at the sides 20 fathoms, the width 
being given as 1,738 yards. Huspecting some error — as the volume of the 
La I'lata in dry weather exceeds this esti nested volume of the Amazons — 
I have re-calculated the delivery from these elements and find thUt it can- 
not be less than .3,000,000 cubic feet per second, but may be luorc acbording 
to the form of the bottom. Our gratitude is due to those who give us the 
means of checking their results. 
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NftiTOws and Santavom in JuriG of this yoiw*. This sample I 
submitted to Dr. Percy F. Fronkland, and the following is his 
analysis : -- 

Pakts in 100,000 


Silica ...... 

. 0-98 

Iron and uluuiimi . . 

. 0-38 

(,’arhotutte of lime 

. 2-75 

Carbonate of magnesia 

. 0*22 

Sulphate of magnesia - 

. 0-37 

(Udorate of pf>tassiuin . 

. 0-23 

Chlorate of sodium 

. 015 

Sulphate of soda .... 

. 013 

Organic matter .... 

. 071 

Total solids- in solution 

. 5*92 


This gives a proportion of total solids in solution of i, 
or =s 5*1 tons per second. 

The total delivery of matters in solution will amount accord- 
ing to those data to ir>0,S33,ti00 tons per annum, or, if we 
estimate the basin at three million square miles, to 50 tons per 
square mile per annum. 

It will b(! observed that the total amount of soli«ls in 
solution delivered to the sea is not umch greater than that we 
arrived at for the Mississippi. This is a fact worth knowing, 
and due douljtless to the preponderance of gneissic rocks, 
sandsto)u!S, and clays of an insolnble character. It is also 
worth noting that the proportion of silica to the total matter in 
solution corresponds very closely with that of the Mississippi, 
amounting to 26,624,481 tons per auntxm. 

Jt is also evident that the rocks and Pampean deposits * 
occupying the basin of tlie. La Plata, are'jalsxj of a more* 
calcareous and soluble character thaii the Anwizoniaii rocks. 

Not less interesting is it that the carbonate of lime, rouglily 
speaking, is one half of the whole of the solids in solution.* 

It follows fi'orn these* data that tin*, matter romot ed in 

' See (Icological Ohaervatinna (Darwin), sei-ojul eilition, pp. 3J 3 -»)(». 

* See Chemu'al Thnitidatiftn, p. 24. 

Note, July li)0H. />r. V. Ka4zer gires the total solids in solution at a 
depth' of 0*6 metre and 25 metres as 0-0.5fi and 0-0.-tU yramme j>er litre 
( = respectively .'>•6 and 3-9 parts in 100,000). ,SHsj>ended matter from 3 to 
4 times as much.— Nature, August 25. 189H, vol. Iviii. p. 399, 
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suspension must bear an excessive proportion to chat in 
solution as compai-ed with other rivers. The deposits forming 
the banks of the river are of a loose and friable nature, on 
which the river makes great inroads. The proportion of 
matter in suspension has never to iny knowledge been 
estimated. 

13ates, comparing the Para and the main Amazons, says : 

* In the former, the flow' of the tide always creates a strong 
current upwards, whilst in the Amazons the turbid flow of the 
mighty stream overpow'ers all tides, and produces a constant 
downward current. The colour of the water is different, that 
of the Pai d being of a dingy orange brown, whilst the Amazons 
has an ochreous or yellowish clay in it.’ Also : ‘ Indeed the 
fresh water tinges the sea along the shores of Guiana to a 
distance of nearly 200 miles from the mouth of the river.’ * 

• tNKKUKNOKS AND GENEKAIilS-VriONS 

In my former address I said: ‘Taking into consideration 
what we know' of Ihe geology of the world, 1 .think we have 
sufilcient grounds for a provisional assumption that about 100 
tons of rocky matter is dissolvetl by rain per J^Inglish square 
mile ])er annum.’ This, at the time, W'as considered a very 
bold statement ; but from the data I have laid before you 
respecting the American continents, 1 venture to think it w'ill 
now be considered, as applied to the whole w’orld, a very fair 
ap])roxiuiation. 

Tjct us pause to consider the moaning of all these figures, for 
unless they have a meaning which the mind and imagination 
can seize u}K)n, the w'earisoine labour of collecting the data and 
making the computations were w'ollnigh w'asted. 

First, as regards the Jtfississippi, of which wo possess the 
most rijliable pilrticulars. I have shown that the estimate of 
thl^ rate of denudation* of its basin must bo increased in 
round figures from to of a foot per annum-’ in con- 

sequence of the solid matter which Js removed in solution. 

' Naturalist on ilw Amasons^ vol. i. p. ii. 

- Clteuiical Deniutalion, y. * 

•* This calculation, as hefove explained, takes no account ol matter 
pushed alonK the bottom ; its quality has not been detcriiiiiietl witl'i much 
accuraev. ami it is probable, ns Mr. Tylor has sutrgested, there is more 
than has been estimated. This would further redueo tlie time. 
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Is it not a striking instance of the little importance attached 
to chemical denudation as a geological agent, when the matter 
removed in solution does not enter as an element into the 
calculations of such observant reasoners as a Geikic or a Croll ? 
Thus we arrive at the first and not unimportant result which I 
promised from quantitative examination. Now mark, it is not 
that geologists were unaware of the effect of chemical action 
on the rocks. Take up any text-hook or manual, and you will 
find a chapter devoted to it and the whole process coi’rectlj’ 
explained ; nevertheless, the quantity of matter removed was 
not I'ealised, and never could have been except through 
laborious calculations. That being done, it is easy to see how 
these gi'eat results occur. Examino the hardest I'ock, and you 
will find it weathered ; you will find it coated over with a crust 
of a thickness varying with the time its surface has been 
exposed. This crust is composed of the constituents of the 
rock that remain after pai’t have been removed hy chemical 
action.^ Examine' the waste talus from some of the old quarries 
at Penmaenmawr, and you will see that atmospheric agents 
have, in the space of 30 years, perceptibly affectetl a folstone 
rock that seems at first sight absolutely indestructible.^ 
How much more, then, must they affect rocks of a more 
friable and sohible nature ! I have shown that i a’* 7 « «f f<^ot 
per annum is removed froni the surface of England and Wales 
in a soluble form every year,*'* say | , of an inch, so that in 

30 years it would amount to of an inch. This is the mean 
denudation ; hut I have also shown that the demulation is very 
much equalised by tlie fact of the harder rocks usually occur- 
ring in areas of great rainfall.'* 

It is therefore not unlikely that if we were to institute 
accurate experiments over a sufficiently long time, it would 
turn out that the calculation of the amount of ‘matter removed 
in solution coitld be verified hy direct tests,,* and that even 

' It is usual to refer this action to the carbonic acid present in the rain 
water, but Mr. Alexis A. Julien has brought forward a great body of facts 
to prove that the solvents of the, rocks are largely organic acids existing 
in decaying vegetable matter. — ‘ On the Geological Action of the Ilumns 
Acids’ (Proc. of the American Assoc.^for the Atironcemeut of Science, 
Saratoga meeting. 1870). • 

- This stone is largely used ^or making ‘ setts ’ for street paving, sold 
under Ihc name of ‘ Welsh granite setts,’ and found to be the most lusting 
material for the purpose. 

* Chemical Denudation, ‘ Ibid. 
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these hard rocks would be found to waste at something near 
the indicated rate. 

It would appear from the examples of the Mississippi, the 
Nile, and I^anube, that the loatter brought down in solution and 
in suspension is as J to 3. These examples are of rivers whore 
there have been the most accurate and fxdlest data to judge by. 
Whethei’ the proportion would be borne out in other river basins 
we have no very good means of judging; but it would appear 
that in large rivers the natm*e of the rocks is so varie<l, the areas 
being so extensive, that tlie relation of the materials in solution 
to those in suspension has a tendency to keep very constant. 
It will be seen from a consideration of these facts, that matters 
chemically dissolved in the waier must i)lay a much more im- 
portant I'ole in the reconstruction of the earth than was 
formerly suspected.’ What becomes of all these mineral 
matters ceaselessly flowing into the sea ? Ft has been shown 
by Mr. Buchaiuui ^ that the proportions of minei'al substances 
to each other in sea water an* nearly constant everywhere, 
although tlujre is a variation in different seas in the propor- 
tion of total mineral matter in solution to the .water it is dis- 
solved in. Nature bus achieved a balaiice -of supply and 
dtsmand. It is also tvell known that the coai’ser materials in 
suspension, iinless brought under the influence of a strong 
current, settle near the mouths of the rivers, and then spread 
themselves, by help of tides and winds, along the coasts, and 
there mingle with the detritus the sea wears away from the 
coast. Th(* liner particles distribute themselves over a larger 
area, and, pr<iT)ably, the very finest over the whole sea-bottom. 
In evm y ocean diedging tliere is a greater or less amount of 
argillaceous juatter whether it be in the ooze or the Red Clay 

which 1 suggest is moi e likely to be ‘ the dust of continents ’ 
than to srriso from the disintegration of volcanic matter svioh as 
pumice, but it in no doubt largely mingled with such volcanic 
materials, as Mr. Murra>* clearly shows. Ft seems to me rather 
a far-fetched notion that the winds should contribute dust to the 
deei^est ocean, but that the waters should make iio mechanical 
contribution to the deposit. The bulk of the ocean water is so 
great as compared with the probable amount of matter in a state 

> It is singular that Hutton, in liis Thgtiry of tlu‘ Earth, estimates. ‘ at a 
gross computation.’ that one-fourth .>f the solid land is composed of ‘matter 
which had formed the calcareous tests of animals. 

- ‘ ( ’hallvuiivr ' Jii'iiorts. 



27‘2 EVOLUTION OF EARTH STRUCTURE 

of the finest comminution that can get into it, tlmt it might not 
even be ^ssible to detect the presence of substances in sus- 
pension in a sample of ocean water. At the same time the 
water might contain quite sufficient to account for much of the 
argillaceous matter found in the deep ocean soundings. I have 
shown that the matter in solution in river water's is, roughly 
speaking, one quarter of the whole matter in solution and sus- 
ponsion. The hnest particles— sufficiently fine to he oari'ied 
away by oceanic surface cui-rents such as the Gulf Stream are 
probably not in aggregate bulk half as much as the matter in 
solution. If we take as an example the estimate I have given 
of the chemical denudation of England and Wales, it will 
amount, as I have already shown, to of an inch in 30 years. 

This would give, supposing the impal))akle mud to be worn 
off at half that rate, 60 years for the denudation of of an 
inch. The area of the sea to land is rouglily as 3 to 1, there- 
fore at this rate it would take IHO years for of an inch of 
mud converted into rock to accumulate if distributed evenly 
over the ocean floor. When we consider that the average depth 
of the ocean is pver 2 miles, of an inch distributed thi'ough 
it would amouiit to no more than alioui one flvo-millionth })art, 
and this, be it romemliered, has 180 years in which to accumu- 
late and settle ; so th.at if we give each particle of these lino 
substances in suspension 10 yeai’s to settle to the bottom, there 
would never be in the ocean water at any one time more than 
one ninety-millionth part of matter in suspension, an amount so 
small as to be practically impeiceptihle. The prohal)ility tliat 
such an infinitesimal amount of matter in suspdiision may he 
present is still more evident when we find that liiui sand floats 
on the surface of the sea for considerable distances ; for Professor 
V'errill says that in the coui'se of the Gulf Stream they always 
take with their towing nets more or less fincj. siliceous sand ’ 

• 

‘ Professor A. E.Vfirnll also says • tliat in tl>e Gnlf Stream slope examined 
by us, the bottom in 70 to 300 fathoms, <50 to 120milesfrom tlic short', is com- 
posed mainly of very fine sand, largely ijuartz, with grains of felspar, mica, 
magnetite, Ac.; with it there is always a considerable percentage of shells, of 
foVaminifora, and other calcareous organisms, and also spherical. ro<l-like and 
stellate sand-covered rhizopods, often in large ijuantities. In the deeper 
localities there is usually' inor«*or less g^iuine nmd or clay, hut this is often 
almost entirely absent, even in 3t)y to 500 fathoms. Thts sand, howe\er, is 
often so fine as to reseinhlc mud, and is fre<iuently so veportetl when the 
prelim i nary somidings are made and rcconled.’ • The prevalence of fine 
Mind along the Gulf Sfieam slope in this region, and the reniarknhlc 
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(‘Amer. Join-, of Science, 1882,’ xxiv. p. 449). I think it is 
fairly evident, from tlie foregoing calculations, that there may 
be accumulations going on in the great oceans which we can no 
more see than we can the matters iji solution.’ It is only 
hecaiise the mineral substances get concentrated in the sea 
water that they are foi'cetl upon our notice. They slowly con* 
centrate until a balance is attained, when they are removed 
h’om the sea water at the ssme rate that they are poured into 
it. How are tlio millions and millions of tons annually 
suj)plie<l by the land to the sea ultimately disposed of? Hut 
let us first make a rough approximation to the amount of 
matter in sohition annually poured into the Atlantic. 

KFKECT OK SUHSTANCES IX SOI.UTIOX ON THE .\TljANTTr, OCEAN 

The basin of the .Atlantic, it has been estimated, contains in 
Europe three millions of s<piare miles, nearly half a million in 
Asia, and about si.x millions in .Africa, not less than six millions 
in South America, and more tlian six millioTis of square miles 
in North Anuu'ica, in all about twenty-one millions of sejuare 
miles.'^ 

If we estimate this area as yielding 100 tons per square 
mile ])er annixm, wliicli I have shown is a ujoderate computa- 
tion hirther veritied by the remarkablo fact that the mean of 

absence of actual imul <»v elay indicate that tlieie is here, at the 

bottom, sulheitnit current to prevent, for the most part, the deposition of 
tin<j ai^jillaceous ^fdiini*nts t»\er tlio uppen- portion of tluj slope in Oo to 
lot) fcithoms. ►Su(di iniiteiials are probably earri<*d iilon*^ till they eventually 
sink into the {greater de|)t]is nearer the laise of the slope, or heyoml in the 
oeeaii basin itself, where the cmTeiit^ arc less active.’ -Anwr. Jouni. of 
SrtPtic»\ vol. xxiv. ]jp. 

^ -Mr. Thomas J'.Ij.S., ot Anderton Salt Works, Northwich, 

piT'pares his finest .Jiuality of salt by x^it'^t’ipitalin^? tlni slight propoition 
of muddy inipuvitie-i" which till* cold brine holds in suspension, by lieatinj^ 
It to a tempiaaturc of 107” Falir. in lar^e vats. At my sUf?<j:estion he 
cairicd out a series of expei inienls to d€?termiiie the pvo]>ortif>n fif mud 
Ml removed. He found that it aniounti'fl, to o7 Jbs. ia*r tons of 

brine - Lookin;^r at the hrim* puritied ami unpnritied toji^ctlicv, 

in clean bottle^, the ditTeronee between them is so faint as to be hardly 
distin^^nishable. Tt of course alTf'Cts the col^ir of the inanufaelured stilt 
to a niiichj^rcater extent, both by the hi^diei’ proportifin the impurities bear 
to the salt, and the w hiteness oi the salt. 

- Kwfliiih C]fclopn^(lia, article ‘ Atlantic Ocenm’ 

=• Chemical Denudation, p. 21. 


T 
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the four f^reat American rivers I have given amounta almost 
exactly to 100 tons per square mile, the total amount of 
mineral matter pouretl into the Atlantic in solution every year 
amounts to 2,100 million tons per annum. We may represent 
this astounding I’esxilt in a way to be I’cadily realised by roughly 
placing it as rock at half a cxibic yard to the ton or equal to a 
i^ecilic gravity of 2’67, in which case the deposit would cover 
1,010 8 » 2 uare miks one foot thick annually : or, to put it in 
another way, in less than six years one cubic mile of solid rock 
of a specific gravity of 2’67 is dissolved and earned into the 
ocean by the rivers draining the Atlantic basin. 

How is this enormous amount of dissolved mineral matter 
disposed of? It has Ixeen said, 1 think mox'o from a keen desii’e 
to establish a pet hypothesis than from any basis of fact, that 
tile greater part of tiie. carbonate of lime is used up in the for- 
mation of coral reefs, or on the shore by molluscs. It is indeed 
extraordinary, in face of the vast areas of calcareous ooze dis-. 
covered by the Porciq/me and Challenger soundings, that such 
a contention should bo sei-iously maintained. A little con- 
sideration will* show, hoxvover, that one foot of calcareous 
matter <listribuled ov’er an area of the Atlantic Ocean equal to 
the land from which it is derived - viz. 21 millions of square 
miles — would equal in round numbers 4,000 cubic miles. Now 
this amount of matter is directly supplied by the rivers to the 
sea, in the form of carbonate of lime, at the rate of 50 tons per 
square mile per annum, in about 3<S,000 years.' Are there 
4,000 cubic miles of coral reefs in the Atlantic ? Is it not pre- 
posterous to contend that nearly all this enormous amount of 
calcareous matter is xised up on llie shores, xvhen we have 
direct evidence to the contrary?- But if we were tf) grant that 
the lime is disposed of on the littoral zone, what becomes of 
the remainder of the mineral substances? (rf the 20 millioti 
toils of silica, for instance, that I luiye showt? is poured into 

‘ Sec Chemical Denjulalion, p. 37. 

® A large part of the coral deposits in the Pacific Ocean bc'inj.' fotmed 
on and around islands, which are all assumed hy Mr. Wallace to be volcanic, 
and where there has never, according to him, been continental land. How 
can corals in such a position help hnild up continents that have 
remained permanently elsewfiere- j.c. in their present imsitions ? If not, 
the carbonate of lime of which* the islands are composed must, nii his 
favourite hypothesis, be as entirely lost to the land as if it had been deposited 
as Olobigevinaj ooze at the bottom of an abysmal wean from the dawn of 
creation. 
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the Gulf of Mexico by the Mississippi alone? Is this all used 
up on the shore, and does none get out into the deep ocean ? 

If, then, as these calculations clearly show, a large part (the 
largest part, as I believe) is used up by pelagic organisms and 
finds its way to the ocean bottoms — the whole central bank of 
the Atlantic is covered with the tests of these animals — it will 
he quite evident on a little consideration that the constitution 
of the rocks of the globe would be undergoing a gradual altera- 
tion had Nature no means of redistributing these oceanic 
deposits ; and the only' means we are acquainted with is by 
upheaval into land and redistiibution by denudation. 

It is a self-evident proposition that if a large portion of the 
carbonate of lime of the lands of the globe is being annually 
abstracted from thetn and deposited in the abysses of the 
ocean, from which it is never recovered, the total amount of 
lime in the rocks that compose the land must have l)ecn 
• diminishing from the dawn of geological time.’ But we find 
this is not so, for the rivers draining basins in which the 
younger rocks jjredominate bring down more lime in solution 
than tlo th(Jso from ]ialacozoic areas. 

1 trust J have now made it pretty plain that measurement 
and proportion are things not to he lusglected in Geology’^; but 
hitherto they have been, <;omj)arativoly speaking. Vague and 
loose theories are given to the world which, if tested in the 
wav I have pointed out, quickly' fall to pieces. The method of 
treating great problems is often excessively crudci and imagina- 
tive, founded on mere analogy, than which nothing is more 
often misleading, ^^uch of thn weak theory not seldom incor- 
porated with present-day' geology would vanish if juster con- 
ceptions of the proportions and relative magnitude of the things 
treated of were gcmeral. It would almost setun as if some 
theorisers entertained the idea that the lesser may include the 
greater. 


FUJirilKB KXAMPUKS OK 'I'lIK IJEAltlNG OK MEASL'UEMEXT 
.\NO 1‘UOI’OUTION ON OKOUOillC.Vl. PUOBIjEMS 

Tliis address was commenced with certain calculations 
relating to the am<ujnt of matter remoTed in solution by river 
water T hut we have been led up hy*it to a consideration of the 
value of measurement and proportion in geology generally, 

* Clunnicat Denudation, p. 40. 
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ami die duit it helps to throw upon some complicated but 
UtVtjnhdfSS lUk’rc^tWf: proh^ew». 

\aA w^. -v \\\vvW analyse the theory lately 

iidopu^ti Oy sof/i<> nifn, that iJie oceanic and oonti- 

nental aiv.is.ne pc'iniam'ut and uiuntorcbangeable. But first it 
is worth wliile poiiitinj^ out that there is not. one arj^tment — at 
all events one that 1 can call to mind — which has been used in 
itf. favour that is not directly or indirectly hsised on negative 
evidence, ihe most unseientilic of all evidence, from the diflicuUv, 
nay, often iiijp<issibiliiy. of adequate proof. Tims it is said 
there are no deposits among the rocks eciuivalent to the deep 
sea ooxos and red clays ; there are no oceanic islands hnt what 
are volcanic; thoir are no indigenous lantl-mammnJ.s on oceanic 
islands. In this way is built up a tremendous theory wJiieh is 
to supersede all tlie older geological notijins. It seems to be 
overlooked while frainiug th»*se aJI-emhracing propositiotis 

that what is known of tlm ocean has been obtained bv the • 

■ « • 

most superficial scrajiing of the bottom, at a very few points 
enormous distances apart, and a few soundings that bear an 
infinitesimal jnoportion to the extent of the ocean, yet which 
are supposeil lo give accurate indications of the form of tb(* 
bottom. 

-Vf./j?. Julty lOea. Tn til!' vot/nge nf /hr • liiuiss ’ from the Klhe to Cape 
Towii; si)tni(Jtnijftverr tiilru tri/h tubiHof ‘i to a crntimc/rcs diameter and 200 
centimetres lfmrj,hy irhieh some tovq cores vere obtained. One of these from 
the dei'th of 7.'2W metre.s {3,%)Q fathoms) in 0" 11' .S'., 18” 15' 11'., 
d istiiiLt st} at ijication . ihe cme irits '10 eenlimetres Jo^if i the np^irimos/ 
l.'{ erntnnetris eonsi.stcd of re<l <I(i>f ronloinnii/ numerous fragments oj 
voldtiiir r..<7,-. then folloired in nidcr four bonds of different colour, passnio 
front brownish-grey to dnik and then light gr, y. "The dark gteg lager 
distinetly rrscmbled a tcrrigcvovs deposit, and the light grey lager, the 
lowest of all, was the only one (ontainina a prielidible pioportion oJ 
rarciiiin carbonate. A still nioir unions specimen 7rrtsl'cci;v Vf.) icnfivietre.s 
{say2jt.) long, obtained in ;{,'» ■ 52' .S'., KJ-'s' h'., Jroni a depth of 1,'.).)7 
metres |2.7.»0 fathoms). The uppermos! 11 renlimrtre.s lonsisted of a 
brown clayey i/narl:: .sand with eery hlfle volcanic or raleai eons mafi rial, 
while the nc.vf 12 cenlinutres tvm-e almost pure Gtohigevina. ««)?<'. with hag- 
nicnfs if the upper layers, and the grrakr mass of the section con lasted of 
material similar to the npi>er taycr.^hul with the. clayey ma/enal pre- 
dominiUing orcr the sand. Dr. I'lulippi could not ' account for this 
appearance of sand in a pitagie dejmsit by consideealions of the preen th mi 
wind, as it blows loivards. not from, the South African deserts, nor by 
currents.- •* Firstfi nils of the German A iitci relic E.rpcdiliun,' Xatiiie, Jnln 3 
1002 , />. 221 . 
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Let us now for a moment look at the problem from the 
point of view of the geologist who takes the trouble to measure 
anti balance before pronouncing £^11 opinion. Fii'stly, if we 
except granitic anti igneous areas, there is no known place on 
any land on a coast line whore stratified rocks of earliei* or 
later da,to do not exist ; or where, if they do appear on the 
surface, the oldest rocks are not met with when a bore-hole 
is put down sufliciently deep. In a word, the framework of 
continental land at the coast differs in no respects from the 
inland areas. 

Jf land areas have been, as contended, permanent, the 
stratified rocks of which they are composed must have a 
beginning and ending somewhere — what engineers would call 
a ‘limit of deviation' must have been marked out for them 
somewhere — where does this limit exist ? Surely, at the 
present time, this limit should, at some point or other, be near 
th(! coast ; if so, whore is the evide«ice of such a thinning out 
and shading off? I liope 1 may make my meaning srifficiently 
plain ; the stratified deposits — I speak of tlie okler rocks, not 
the moderii littoral deposits —must, if the theory be true, thin 
off’ from the continents somewhere. If at only one small place 
this could bo pointed out, we should have sonto basis of fact 
to go upon. Dana ^.tlys that the Ijaurentian rocks everywhere 
underlie the land areas. Considtuing that ffuctuatious of thc 
liniits of continents liave to bo allowed for on any theory, this 
shows that, as notwithstanding these oscillations we arc not 
anywhere on ^he edge of the stratified rocks laid down untold 
millions of years ago, they iimst have a very extensive 
devedopment under the sea bed. Let ns pause to consider 
what is taking place now. The Atlantic Ocean, as I have 
shown, receives the waste of 21 millions of s<|uare miles of 
land forming its basin. 

The greatet'.t continental rivers — the Amazons, the ’ La 
Plata, the Orinoco, the Congo - deliver their waters directly 
into the ocean. The ^tlississip])! debouches into the Gulf of 
Mexico, the St. Lawrence deposits, are largely intercepted by 
tlie great lakes ; but by fs^v the larger areas of the surface of 
the two Americas are so canted that gither directly oi' interme- 
diately the deposits arc carried into the Atlantic Ocean. How 
long this has been going on T will’ not now stop to inquire, hut 
in the course of time, unless some change takes ])lace, the land 
will be worn down to the sea level, and the continents become 
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Itv'ooni?. Or if. ‘'ii the other hiiiul, the hind were to keep (,i, 
ririiiLr. ilie wliolr- of iho stratified rocks would be worn down to 
the riuuhinu'ntal rack of tlu> ^rlobe— whatever that may be 
an e\ent that has never yet to our knowledjje occurred in the 
lieolo^'ieal histfwy of tiie eartli. Now, assuming for the sake of 
explaining my meaning that the river dciu>sits art^ confined to 
a strip of land extending ‘iOO miles from the coast (which I 
hesitate to admit), if the denudation of the 21 million square 
miles of hold Avere to keej} on its present lines the result wotdd 
he a shoah/ig of the ]nesent deep water and a pushiiig sea- 
w'iinl of the littoral tleposits. Thi.s would not cease so long us 
the rivers continued to hn’ng down any matter to deposit. 

But if the world is to last on the old hues — if its geological 
Itistorv is to continue as hitlunto — a time must eventually come 
when these deposits will ho .uplifted and tuudo into hind. It is 
pretty well agreed a/nong all f^oolo<'isN now that such an 
Liphetivixl is an extremely slow proce.ss, and it is not improbable* 
that rJic riA'crs would continue in their present courses, ami cut 
thi'ough the deposits as tlu'y arose.’ This Avould push out the 
detritus still further, and lay it down on the flavnks of the 
upland chain of mountains, if such there wore. It is easy to 
sec that in time the depiosits Avonld li-avtd I’ound the globe, fiw if 
Ave assume that eA'eutually the continents get a cant in a direc- 
tion opposite to what olilaius iioav, the same process would be re- 
peated oji the opposite coasts. No amount of catch pits in the 
shape of inland seas that idtluiv Nature or human ingenuity 
could devise would suniee to stop this travel of ijiaterial. 

\\ hen we consider that tlm very oldest rocks everywhere 
underlie the laud, that tliey reappear in islands which it is the 
fashion now to speak of on that account as non-oc(ainic, hut 
which lie at considerable distances from the great laud areas, 
and so sketch out in positive evidence their- least extent at 
tho*se early times; when a\(‘ consider.that the ’Asland of South 
Georgia, separated by 1 ,2fK) miles of ocean from tSouth 
.\merica, is composed of clay slate, and has an Al]>ine 
character and high monwtains, it will seem incredible that 
the waste of the land could in any way be confined to the 

limited areas which tlqj hypothesis of the permanence of 

• 

' Captain Dutton shows plaitily tliiit this has taken place on tlxc West 
of the Kooky Mountains. Tertiary Ilintorji of the Grand Canon District. 

See ‘Island of South Goorgia ’ ((leoIoriictU Matjasine, Dec. 3, vol. i.. 

No. .>, 1881). 
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oceans and continents demands. At all events, I think that 
those who hold the theory should have some consistent way of 
explaining its vtodus opfirundi, instead of confining themselves 
to vague generalities or making phrases do duty for ideas. 
What I should like to see explained is this : Where do the 
rocky formations we see on the land thin out and end sea- 
wards? and hy what process during the fluctuations of the 
land have the deposits been kept from getting outside the 
areas the theory I’equires them to bo laid down in ? In fact, 
what sort of a basin is it over which a particle of detritus can 
never travel? Bub lot us see if figures will aid our conception 
of the problem. 

The area of land draining into the Atlantic, as I said before, 
has been estimated at 21 million square miles. If we assume 
the denudation of every kind over this surface to C(jual one foot 
in 3,000 years,* that will amount to one mile in 15,840,000 years, 
say 10 million years. 

The area of the South Atlantic, from the equator to the 
40th parallel, is, I have ascertained by careful measurement on 
tile map, 10,239,000 square miles, say ten million sejuai’e miles. 

The area of the Noi'th Atlantic, fi’om the equator to the 40th 
parallel, is in round numbers 11 million square miles ; that is, 
the area of the Atlantic from tlie 40th parallel of latitude north 
to the lOth parallel south contains an area approximately 
equal to the area of the land draining into both the North and 
South Atlantic. 1 doubt very much whether the mean depth 
of this part of the ocean c'quals two miles ; hut, for the sake of 
calcuhition, let us say two miles. It follows that in 32 million 
years the detritus of 21 million square miles of land, at 1 foot 
in 3.000 years, would fill up and level the whole of this vast 
basin. But let us take a more restricted area. The river 
•Amaxons and the Congo, the two largest rivers in the world as 
regartls water ' volume, dtsliver their floods into the Atlantic 
Ocean fi*om opposite eoiitinonts, and nearly at the equator. 
The combined area of their basins is pi'obably not short of 
4^ millions of square miles. The area of the Atlantic below 
the parallels 10" N. and 10" S. is ^,800,000 square miles. The 
wlmle of this vast cavity taking into consideration the 
etiormous volume of their waters, "sShich means an increased 
rate of denudation, would probablj' be levelled up by the.se two 

’ r take these figures because they have been used by others, and are 
near enough for my purpose. 
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rivers alone in 20 inillion years. These two great rivers 
deliver their waters into the ocean direct ; yet, in the face of 
this fact, we are told by some geologists that most of the 
deposits we are geologically acquainted with have been laid 
down in inland seas ! Now 1 ask this simple (piestion, By 
what possible arrangement of inlaid basins, gulfs, or lakes could 
this vast degradation of the lanti be kept within the limits 
necessary to avoi<l the land absorbing or taking the place of 
the ocean ? If the rate of denudation were greater in earlier 
ages of the earth’s history, as some assume, this only makes 
the less and our difhculties greates- ! Now mark further, 

for this is of special importance. The Red (.'lay deposits which 
are responsible for much of the latter-day theorising, and 
which are supposed to prove that tin; ocean bottom has never 
been ujdie.aved, are carefully ma])i)iKl out in Air, Murray’s map. 
I have iransferre<l them to the ‘ Geological Map of the World ’ 
by Jules Marcou, a ma]) to which I hav'c been much indebted 
in investigating these problems. You will observe that they 
approach within from J300 to 100 miles of Rio Janeiro, and 
the same from tJie ('ape of Good Hope, while they come close 
up to the West India Islands at l*orto Rico, and to the- Lee- 
ward and Win<lwar<l Islands, whieh connect tin; West Indies 
with South America, and which all admit w’evo once joined to 
it. It follows, therefore, on the hypothesis of ‘ permanenci*,’ 
that though the continent of South Anujrica was in existence, 
and extend(*d at least as fur eastward as at jiresent, at an 
early geological age - as proved by the crvslalHne rocks of 
the Brazils — either the de])osits, through all ttje geological 
time that has since elapsed, have been unable to travel out 
over a space of from oO to 400 miles, so as to shallow the sea 
atvd cover up the deep-sea deposits, or what is now deep 
sea was formerly shallow sea, so that the Red (Jlay is preciiii- 
tated on preceding tlei^osits of another native* The first 
alternative is too al>surd for acceptance by any one who has 
accurate perceptions of geological time — or even any concep- 
tions at all — and the latter (Usproves the supposition that tiu; 
preseuce of Re.d Clays is in any way a proof of the jwrnuutcitce 
of oceanic areas. The existence^ of profound depllis of the 
ocean within a comparativ’ely short distance of the land is fatal 
to the supposition that th5 land areas have been in their 
present positions through all geological time. They point 
rather to vast changes of relative level having taken place in 
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the crust of the earth during geological tiine—under the ocean 
as well as on the land. The same argument will ai)ply to the 
Cape of Good Hope, for there the oldest crystalline rocks also 
exist. It has also been proved by the soundings of the U.S. 
Fish Cominission steamer Albatross, that in N. lat. 37" 12' 
20" W., long. 69'-' 39', or some 300 miles S.E. of Cape Cod, 
the bottom is no less than 2,949 fathoms, or over 3/, miles 
deep. The bottom in all soundings below 1,000 fathoms was 
found to bo ‘ mainly composed of Globigeriiue ooze, usually 
having the consistency of fine sticky mud, commonly of a dull 
olive-green or bluish colour. When washed with a tine sieve 
the deposit is found to be mixed with a considerable amount of 
very lino siliceous sand, among which are some grains of 
magnetite and garnet.’ It will bo interesting also to those who 
speak so confidently of the dojrth of anpient oceans to know 
that a ‘considerable number of our shallow -water species have 
been found to have a much greater range in depth than was 
anticipated, many of them going down below bOO fathoms, 
while some even go below 1,000 fathoms.’ ' 

If we consider that the island of South Georgia, situated on 
the same pai'allel as Capo Horn, the southernmost part of South 
America, is separated from it by 1,200 mihis of ocean * and is 
composed of clay slate, we cannot help sot'ing how* absurd such 
itlcas seem when put to the test of facts and figures. It has 
Ijeen thouglit by some that if it could bo found that the island 
of South Georgia tvero once united to South America the 
difficulty of its existenco would bo got over ; but it is plain 
that, so far from proving thts hyptjthesis of the permanence of 
oceans and land areas, such ti former connection points to the 
opposite conchision. 

I trust I hiive now shown what an intimate relation exists 
between a correct conception of the magnitudes of the various 
parts of the earjb, the rate of tlcuuding agencies anti of geolo- 
gical time, and the great and interesting geological problems 
w*hich w*o strive to understand. 

This knowledge is only to be obtained by constantly reduc- 
ing our otherwise vague ideas to figures, so that we can realise, 
handle, and weigh the varipus parts we attempt to reason 
about. This is the more necessary as the ordinary . means 
adopted of conveying the informalion is the soiu'ce of. most 

’ A. F.. Verrill, Amer. Jour, of Science, lrt84, pp. 213-14. 

- ‘ Island of >Soath Georgia ’ {Oeo. Mag.). 



282 


EVOLUTION OF EARTH STRUCTURE 


people’s difficulties. Vertical dimensions are exaggerated, and 
maps of the globe necessarily distoit the parts. Even those 
who know this are nevertheless affected by the conventional 
method of representation adopted in cartography, and tlie only 
way to throw off this influence aiid realise the value of figures 
is to work them out oneself. This may seem humble work, 
but geology has now arrived at a stage in which for its further 
advaiicement scientific precision is required. 
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CHAPTER XXI 

THE NORTH ATLANTIC AS A (JEOLOGICAL BASIN' 

C ON TIN Cl NG the line of investigation sketched out in my 
last addi’ess,* T propose to consider in what way the enor- 
mous amount of mineral matter annually poured into the 
Atlantic Ocean is distrilmted. Deposition is the first stage in 
the reconstruction and renovation of the caith’s crust, as denu- 
dation is the last stage in its destruction. 

It follows that if we can glean anything like accurate ideas 
of these two great and complementary processes of Nature, 
wc shall have advanced a stop towards a solution of many of 
the great and still unsolved problems which the geological 
history of our earth presents to curious and inquiring minds. 

It is well to admit at once that the imjuiry presents many 
diniculties, chiefly arising from the fact that the great bulk of 
the deposits are entirely out of view, and our only direct 
knowledge of tlu;ir nature and distribution is limited to super- 
ficial dredgings in various depths of water. Still, the science 
of Geology has advanced sufficiently to enable, us in many 
cases to say what amount of matter has been removed from a 
given area within a giv’cn geological time with some approxi- 
mation to trutli, while the rocks themselves bear witness to 
the conditions under which they have accumulated and the 
manner in which they have been built up. It is by piecing 
together more or less connectctl facts and mentally putting 

iltenj in relation to each other that we mav bo enaljled to 

•/ 

penetratt*. some of the mysteries of Nature, which cannot be 
attacked in a more direct manner. 

Before entering upon the question of sedimentary distri- 
bution, it will be necessary to glance at what is known of 

' Presidential Address to the Ijiverpool Geological Society ("Se.ssion 
18S->-0). 

• ‘ Denudation of the Two Americas ’ {Proc. of Tj' pool (!co, Soc., 188-1-5). 
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t]w /will of U\e ocoan bottom. It is only of late years that 



truth. (Still, the iufoniifitioii i« yet so exli'oiiiely limited that 
ive should pause before atteuiptini^ freneyiilisations Irojn whut 
little we know, and still more from surmises respecting those 
parts of wliicli wo have no accurate informatioji. 

Throu}j;h the enormous tralhc which now crosses the 
North .'Vtliintic, the soundinj^s taken in connection witli the 
oceanic cables, tlio continental coast cables, the soundings and 
dredgings of tiie Porcupine, Challeu(jer, and Talisman, the 
United States (knist Surveys and investigations of the Fisli 
Commission, and the surveys of our own navy, more is known 
of the form of the JJorth Atlantic basin tlian of any other 
oceanic area. By the kindness of Sir .lames Anderson, the 
eminent telegraph engineer, 1 am enabled to lay before you a . * 
map of the Atlantic between the otjuator and (>0° N. latitude, 
with contours of the bottom aj^proximately marked thereon, in 
stages of 500 fathoms.’ No (hmbt much of this is infcronce, 
and we must bear that in mind while embodying onr opinions. 

It will be obsei’Ved on studying this map that the portions 
enclosed bj' the 3,000-fathom contours are small in relation to 
the entire area of the oceanic waters re])resentt;d. The 3,500- 
fathom contour etmloses a very limited area situated in hit, 27° 
N., and long. 00° W., and another nearer to tlie Antilles. It is 
also noticeable that the contour lines appi-oach ^ne another as 
the continental coasts are neared. Not less remaikable is the 
fact that an area of depression below the 2,500-faihom contour 
exists in the Jiay of Biscay some 00 miles from the N. coast of 
Spain and 200 from the S.W. coast of France.- The 2,000- 


^ licproduciMl in Tfuf Orujin of Moui^fain Uamjea, 

- The following i.s extracted from the Kngiuecr, ^novcnibcr ‘J7, isSo, 
page 421 : • iJirect Spanish Telegraph Company's Cable, between Kennack 

Cove, Cornwall, and llilbao, Simin, broke down on the 11th of October, IhhH, 
and was rexvaired by the Easteiui Telegraph Coinx^any’s steamer Klectra 
on the 0th of November, The iex>airs were elTected in three working 
days, although the depth of water was J,300 fathoms, more than 2,^ miles. 
Only three drags were made For the cable, it being caught and lifted in 
each case, but in the first haul the cables broke in the grax^ncl, the ship 
being a little too fur from the broken end. Another cable, between Otranto 
and Corfu, laid twenty-four years ago, was raised from the bottom in e'iOO 
fathoms and repah'ed.’ 
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fathom contour connects Madeira, the Canaries, and the 
Cape do Vei*de Islands witlx the African mainland, while 
on the opposite or K. coast of America no outlyinff islands 
exist. The 2,600-fathom contour runs close to the Antilles 
or Bahama Islands, and follows the American coast pretty 
closely as fax* north as Newfoundland, when it returns south 
again. The West India Islands, the Caribbean Sea, and 
the Culf of ^lexico are cut off fi'om the docpei’ portions of 
the Atlantic by the 600-fathom contoui*, although there is a 
large aioa -66,000 square miles — in the Gulf of Mexico’ 
below the 2,000-fathom contour. The ^lediteri’anean is a 
repetition of the same conditions on the old continent, being 
a deep basin with only shallow communication with the 
Atlantic. 

The Azores are situated upon a cetitral ai’oa connecting the 
N. coast of South America with Iceland, and (mclosed by the 
2,000-fathoin contour. It is of this area tluit we want much 
fuller infoi'ination. It will be observed that on tlie route of the 
Anglo-American cable of 1H80 there are marked a series of 
small depressions below the 2,000-fathom contour ; while on 
tluj Jay Gould line tlujre is an elevation with only 700 fathoms 
of water above it — lat. 50'^ N., long. 20" \V, On the ‘ Anglo,’ 
IcSOO, there is an elevation with 1,130 fathoms over it, in lat. 
IS" N., long. 29 W. In lat. 12 30' N., long. 29" W. — 1 give 
tins ])ositions only roughly fi’oin the chart — there is an elevation 
rising to within IS fathoms of the surface. In lat. 2S° N., 
long. 40" 20' \V., tlioro is a soxniding of 000 fathoms. Between 
the latt<!r amt tins Azores, ti. distance of 1,000 miles, there are 
no sournlings on the churl. 

It would appear from these examples that there is a ridge 
about long. 29" W. running N. and S. for a considerable distance 
tlu’ougli 10 <legi\;es of latitude, ami it is extremely probaltle that 
it is connected with the sounding last given 1,000 miles to the 
S.W. of the .Vzoros. It is also a noticeable fact th:it the closer 
the soundings are together the more st riking are the inequalities 
of the bottom, which of itself should make us cautious in 
assuming that the bottom of the ocean is a h.wel plain because 
a couple txr so of soundings very far apart do not differ niiich 
in depth. Tlu; late Mr. Gwyn .leOfeys has stated : “ ‘While 

' J. E. : • I5asin of tlie Gulf of Alcxico,’ Ava r, Jonnt. (»/ Scunice, 

vol. x\i. p. *2V>0 (ISSl). 

® Nature, February issl, p. 
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repairing, in 1878, the Anglo-American cable, a tract of rocky 
ground was discovered about 100 miles in leiigth in the middle 
of the N. Atlantic, between 33° 50' and 36'’ 30' W. longitude, 
and about 51' 20' N. latitude. Within a distance of 8 miles 
the shallow’est sounding was 1,370 and the deepest 2,230 
fathoms, a difference of 860 fathoms, or 5,160 feet ; within 
4 miles the diffei’ence w’’as 3,180 feet, and within half a mile 
1,380 feet. There are also the Laura Ethel Bank with a depth 
of only 36 fathoms, and the Milne Bank with 81 fathoms, both 
about 550 miles from Newfoundland, which is the nearest 
continental land. Other instances ai*e the Josephine Bank 
with 82 fathoms, and Gettysburg with 30 fathonis ; the 
distance of the former from Cape Sb. Vincent being 260 and 
the latter 130 miles, with intermediate depths of 1,700 to 2,500 
fathoms.’ 

Nearer the coasts the inequalities of the bottom are very 
considerable. Sir James Anderson informs me that they ‘ hud 
very great iuequalilfes in the bottom from Lisbon towards the 
Canary Islands. Off the Burlings we found a crater neaily 
1,000 fathoms deep, into which the cable ran, and we had 
afterw’ards to recover and re-lay it. On the top of the crater 
we found 80 fathomasoundings.’ In reply to further queries Sir 
James says: ‘As to the smhlen increase of depth off the 
Burlings, 1 should call it a crater and not a depression, as it is 
only a few miles in diameter. All round it is under 100 
fathonis, while the cavity is 1,000 fathoms.’ ‘ As for valleys, 
they are abominably abundant and very precipitous.’ ‘ For 
example ; off the Burlings, lat. 39° 25' 30", Ion J 9° 54' 00", 
the ship had 1,.300 fathonis under her bow, and sounding 
under the stern they got 800 fathoms. Off Lisbon and up the 
edge of the soundings there are great inequalities, which no 
doubt are a chain of mountaitis in the ocean.* ^ The prolilem 
we have to solve when the cable is laid over sucl^ places is by 
numerous soundings to trace out the \^alleys. ’Sometimes we 
succeed, hut sometimes we do not, as often within half a mile 
there are great inequalities, and it would be impossible to sound 
the whole ocean every half-riTile/ 

Thus by tlie evidence? of practical men, on Avhoin devolves 
considerable responsibility*for the success and maintenance of 
the great sea. cables, we are fifrth(?r strengthened in the opinion 
that the ocean bottom is full of inecjualities, contrary to tlie 
recent dicta of some scientific theorists wlio regard the ocean 
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bottom wholly as an extended plain sloping, and that not 
rapidly, at the borders towards the continental shore lines. 
The more it is found necessary to sound the ocean, the more 
apparent, I am convinced, will these inequalities become. A 
very good example of the truth of this remark has just come to 
hand, as Professor Verrill, describing the work of the U.S. 
steamer Albatross in 1884,‘ says that five stations in depths 
below 2,000 fathoms were between N. lat. 36° 05' 30" and 
37° 48' 30", and between W. long. 68° 21' and 7J° 55', while 
the chai’t shows a sounding immediately north of this area 
of 250 fathoms. 

Having now glanced at some of the characteristic features 
of the North Atlantic Ocean bottom, it will be necessary to 
direct our attention to the rivers delivering into it, and in 
order to further extend our inquii'y we .may assume that the 
South Atlantic is only an extension of the same basin, 
and that its main features do not radically differ from those 
of the North Atlantic. To simplify the inquiry, we will 
confine our attention to the greater continental rivers, those 
I treated of in my last address — viz. the St. .Tjawrence, the 
Mississippi, the Amazons, and the La Plata on the American 
continents, and the Congo on the African continent, with 
perhaps a glance at others elsewhere as the exigency of 
illustration demands. One of the most striking facts con- 
nected with those great rivers, whose embouchures have 
been teste<l by borings, is the great depth of deposit that 
has to be peut‘trat(;d before the original bed of the river is 
reached. In flie case of the ^Mississippi it is not less than 630 
feet below the sea level.''* Unfortunately, I know of no borings 
in the St. Lawrence, the Amazons, or the other rivers named, 
but it is more than inferentially probable that their original 
beds are much ^lijpi'essed. 'Phe forms of the mouths of the La 
Plata and the ^it. Lawrence are better exjjlained by subsidence 
than by any other hypothesis. But not only is the original 
bed of the Mississippi much depressed, but the grade of the 
liver valley is so low now that to bring it back as a working 
river to its original condition it would appear to require a 
general elevation of a large pj^rt of North America. If we do 
not adopt this view, the alternative se^ms to be that ap enor- 
mous thickness of rock has been wbrn otf its basin at an extra- 

' Amrr. Jonnt. of Science, November 1884, p. 378. 

Professor Hilgnrd, Messrs. Humphrey and Abbott’s Ueport. 
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ordinarily low inclination.^ Taken in eonnectioix with eai-th 
movements as shown elsewhere, it would appear that a 
j»eueval, as well as differential, subsidence is the readiest and 
the most reasonable explanation of its present condition. The 
ancient beds of most rivers are proved in many cases bj' bor- 
ings not to possess a regular grade, hut to be in what we may 
e.aji wave linen, which is doubtless the result of differential 
subsidence.' 

A boring in the old alhiviiim of the Narbada at Sxikaklieri, 
far from its mouth, shows a di>pth of 491 feet of alluvial 
deposits, finishing in lateritic gi-avel without the bed rock 
being reached."^ It is also a very general if not universal 
rule that tlm lower deposits in river beds are the coarser, con- 
sisting of gravel, shingle, or boulders. This is true of the 
Ganges as well as of the Mississippi, and it is a pretty good 
evidenef' of a .superior grade iu former times, which again 

means subsidence by earth movements. Dr. G, ISl. Dawson 

^ * • 
has lately been led to infer from the position of certain Lau- 

rentian boulders in Caiiadii, 700 miles from and over 2,000 feet 
above their origin, that the <‘ast coast was fortnerly higher in 
relation to the’ interior.* Tl is very generally considered by 
American geologist that there have been earth mfweinenis 
about the Great Ltikcs which Itave diverterl the course of their 
outflows into other channels ; and General G. h"'. Wavi’en is of 
opinion that the drainage of Lake Winnipeg was formerly 
along the Minnesota and Mississippi, and considers that the 
buried river channels met with in that district are. due to alter- 
nate elevations and tlepressions.’’ Facts of a \imilar nature 
pointing to differential movements of the continental lands 
upwai’ds or downwards, as the case may he, might l)e mnlti- 
plied had I time, but I think I have given sufiicient examples 
to indicate my meainng. ^ 

• 

* Professor •). W. Sponuur lliinks there proof oj ,i foroier elevatKoi 
of the whole Misaissipi>i Valley of :i,U00 feet. —The Mis.'iissippi Itlver dari ng 
the Great River Aqt\ pa-ije o. 

■ Professor .1. W. Spoiiuor points out that the pre-^lacial ehannel of the* 
Mississippi has now a It^ss slope than the ino«lern surtaco, ‘ bein;; i e.-.i>ectively 
about O' lo ami 0‘70 of a foot per mile alon^ a <lheet line.’ - The J/is.vis.sijvu’ 
River during the Great Rirer^^Xge,, p. r»/J5ej)rint. 

^ Mammal of the Geology of p. 3H4. 

‘ itvo. Snr. (f Canada. -Wei^ovl of Pro;j;refeS, lss*J 3-4, p. 14U e. 

•* ‘Valley of the Minnesota ami Mississippi Ri\ers,' Kn^ineer Dept. 
U.S. Army. 
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The foregoing facta might perhaps be held to invalidate the 
view that the main river channels of continents are of great 
antiquity. Kightly considered, I hardly think they do. The 
enormous mass of matter which it can be proved has been 
worn out in many cases to form the valley is of itself a proof 
of antiquity. No doubt the levels undergo great changes, and 
the conditions of the basins also suffer a correlative change, but 
there appears a tendency to revert to the original lines of drain- 
age. A great depression worn into a continent cannot be got rid 
of except by a breaking up of the strata ; and even this, when 
the grade is steep, does not always obliterate the river course. 
Captain Dutton has graphically shown that the degraded 
matter, of from 6,000 to 10,000 feet of strata, occupying an 
area of 10,000 square miles, has all passed down the Colox'ado 
to the Pacific, and this in spite of frequent upthrows on its 
course from Tertiary times until now.^ 

The Amazons basin is largely filled with Tertiary riverine 
deposits, which it is now clearing out and cari ying to the sea. 
There are Tertiary dejmsits in the basin of the Rhine.-^ In 
every large river there exist undoubted evidences of antiquity, 
but to trace out the history of a great river system is a very 
perplexing problem in physical geology. Still, the fact of the 
existence of a great riven’ system is an a, priori proof of geo- 
logical antiquity. 1’here are certain permanent features of the 
earth’s surface which no amount of subsidence or elevation 
seems to affect. Mountain ranges once formed nmiain moun- 
tain ranges until effaced by denudation or covered up by 
deposit. The niountains of North Wales, formed in Silurian 
times, remain mountains still. The Pennine chain of Carboni- 
ferous ago is not yet effaced, though part of a range of similar 
ago is known to extend under London and link the Belgian 
coal-fields with the Mendips, Tn many cases, where rivers are 
siiixposed to have preserved their course notwithstanding the 
elevation of mountain chain across their channels, I am 
inclined to take another view, and attribute it to the wearing 
down and backwards of the liver cluiimol, which initially 
flowtMi at a higher level than the ridge it crosses, ilountain 
chains must htj considered Ip lie permanent reliefs in the 
continental maps, and river channels less peruuiiient, but still 

‘ (ieoloqy of the High Platcaiffi of Ciah, pp. l.V‘20. 

^ lielt: ‘ The Loess of the Jihine and Duiiube ’ {Quarh rlif Journal of 
iSciencef p. 17 of llepriiil, January, 1H77). 




V 



:2JM> 


evolitiox of earth structure 


lasting iviavks of Nature's graving tools. It is evident, on a 
\\U\e coiwdevation, that mountains and hills nmst have a great 
effect in fixing the direction of ft river ohamwl, nnd onea it is 
deeply cut into a continent differential subsidences will not 
Xtltdlly obliterate it or waterhifiy change its direction. If we 

admit, what 1 ,^^11 ask om-selves whut 

' £’noi'u}oiis antiijd » i.i-jk7}**£Z down into the 

with iilmost the vefiularity of tixue itself . We see that 


«xv. 

htit* 

sea 


the valley of the Amazons was a valley in Tertiary times ; and 
although there have been fluctuations of level in the continent 
of South America, as shown by Darwin, the Andos mu.st have 
formed tho ‘ great divide ’ between the Pacific and the Atlantic 
ever since tho initial stage of elevation. It follows, therefore, 
that whether the Amazons, the La Plata, and the Orinoco have 
been absolutely permanent drainage lines or not, the material 
of the continent, whatever its form, must have flowed into the. ; 
Atlantic Ocean. " Tho Andes, according to Darwin, were 
founded, if I may use the term, in Cretaceous times; it follows 
that since then the ruins of these mountains must have gone 
partly to form deposits on the continent of South Ameiica, hut 
mainly into tho Atlantic Ocean. 

An examination of tlie Atlantic chart shows what appears 
to be a prolongation of the American continents into the oce an 
in a bench of varying width following the coast lino, at tho 
edge of which a more rapid depression takes place. It is usual 
to look upon these benches as w^holly compo^d of the solid 
rocks of the continent. It is quite as legitimate lo assunax that 
in many cases they are largely composed of sedimentary matter 
degraded from the continental lands. The soundings at the 


mouths of the Amazons for a distance of 60 miles rarely exceed 
10 fathoms, and are in some cases not more- ^han /> fathoms, 
and for as far as 150 miles bom the coast dy not exceed 45 
fathoms. It is certainly probable that this is due to a l(*velling 
up of the ocean bed, which, whatever its depth may have Jieen, 
is only a question of time. ^ At all events, it would he diflieult 
to find a belt of land with such slight iniiqualities as ai e exhibited 
l)y the submarine plateau extending in the front and to the 
north and south of tlie Afliazons’ mouths. W’e know there have 
been. strata of many miles ih the tliickness laid down in former 
geological periods without apparent break or unconformity. 
Nature is uniform in her action, and there is no reason that ! 
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know of to assume that these operations have ceased. If not, 
then where are thick deposits more likely to bo taking X^lace 
than on coasts near the mouths of rivers draining areas that 
have to be measured by millions of square miles ? Whatever 
the form of the bottom or depth of water into which the 
river delivers its burden, it will in time shallow it. The sea 
thus acts as a leveller — spreading out the deposits to a uniform 
dex^th — cutting off here and laying down there. These conti- 
nental benches are, in my view, the true submarine plains — 
plains of denudation as well as deposit. 

The soundings off the South American coast in the neigh- 
bourhood of the Amazons show a pretty uniform distribution 
of ‘ grey sand with black specks,’ occasionally mixed with 
broken shells. There are also some hanks of mud and sand 
and hard mud ; but, according to the chart of the entrances to 
the Amazons I exhibit, grey sand mostly prevails. There do 
not axjpear to he any rocks — in fact, it is just the sort of deposit, 
judging by its extension and uniformity, we should expect to 
be of groat thickness. This is, of course, and can be, ordy an 
inference ; but if we believe in the antiquity of cbntinents, if it 
be but from the Tertiary x>eriotl downwards, the inference is a 
legitimate one. There is, of course, the x>ossibility to be taken 
into account of the former extension seawards of the continent, 
such as woubi be caused by the ffuctuating depressions and 
elevations referred to at tite commencement of this address. 
Such fluctuations would have the effect of spreading the 
dex^osits over o^larger area, but probably would not affect their 
distribution to the extent that we might at tirst sux^iiose. 1 
am sensible! that in opposition to this ‘ levelling up ’ theory, the 
Xiheiiomenon of the ‘ Swatch of no ground ’ opxjosite the mouth 
of the Ganges may be i^ointed to ; but, as far us I know, it is a 
sx)ecial submarine featui'e that does not appear in connection 
with any other g)*eat river- It would be, therefoi’e, unfair* to 
argue from an excexitional physical feature, for such exceptions 
meet us everywhere in geology. It may be due to bottom 
currents, or to recent geological subsidence.* 

The New Orleans boring x>enetrated deposits to a dex^th of 
630 feet below the surface. Professor IJ^ilgard is of opinion that 

* Mr. Ferj^iisson is of opinion * that tl«j siuliment is carried away from 
the spot, and deposition prevented, by the strong currents engendered by a 
meeting of the tides from the east and west coasts of the JJay of Bengal.’ — 
Manual of the Geology of Inciia^ p. 408. 
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the river silt does not exceed 108 feet, and the remainder of 
the deposits are marine, not post-pliocene. It seems to me 
pretty evident that the Mississippi contributed the materials 
of which the deposits were made up ; and it is a matter of little 
moment whetlicr they w’ore laid down as an alluvial delta or as 
a submarine extension of it. The controversy with Sir Charles 
Lvell as to the actual age of the delta seems to me to have 
been carried on without its bearings being clearly understood. 
The circumstance of the deposits of a river being freshvrater, 
estuarine, or marine depends on the conditions of its em- 
bouchure. They may be any of these three. If the river 
delivers into deep water the deposits will be mostly marine 
until they level up the sea-bottom, when they may change to 
estuarine, and .again to river silt. The time occupied by these 
changes will be determined by several factors : the amount of 
sediment brought dow'n annually, the depth of the sea into wrhioh 
they are delivered, the strength, sot, and permanency of the seo- 
or ocean currents, and the rate, range, and direction of the ver- 
tical movements that seem constantly taking place in the land 
and sea-bottonr, or the length of tlie pauses that have taken 
place ill these ihovements. 

In illustration df this, I may mention the boring at Calcutta, 
in the Ganges delta. Full details are given in the ‘ Manu.al of 
the Geology of India,' pp. 397-400. The bore was cari'icd 
down to 4G0 feet below mean sea-level, ending in a tine sand 
intermingled w’ith shingle, without the base of the delta lieing 
reached. Tl)e wiiolc of these deposits, exceptii^ possibly the 
last, w'ero consitlered by Dr. J51auford to be of frcshw’ater 
origin. At Umballa, between the .Tumna and the Sutlej, a 
bore was put down in the Indo-Gangetic plain 701 feet, ending 
about 200 feet above the sea-level, without i>enetrating to the 
base of the alluvial deposits. It is therefore* Evident that the 
Gsinges \ alley, as far as penetrated^ was le>x>lled up by the 
alluvial deposits of the great river, at least as rapidly as the 
subsidence took place. It w'ould apijoar from the New Orleans 
boro-hole that the suljsidonce of the valley of the Mississippi 
was too r.apid in its first stages to be overtaken by the deposits 
the river brought dow'ii. Seeing that in the .fuinna and the 
Ganges the bed rock was not reachetl at such great depths at 
points inland of the shore lines, it is a fair and probable infer- 
ence that outside and seawards the deposits are in most cases 
enormously thicker. 
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The lower deposits penetrated at New Orleans were con- 
sidered by sotne to be pliocene, and even miocene. I agree 
with Professor Hilgard that they are post -pliocene, but the fact 
that this difference of opinion should occur is a very good 
proof of itgc ; and if, as we may legitimately infer, the 
Mississippi laid down the materials of which the deposits are 
composed, or we even account for them in any way by con- 
tinental denudation, we must be prepared to admit also that 
the deposits which overlie the rocky floor of the sea at their 
mouths, and which may bo considered as geologically modei’n, 
are of very great thickness. 

In investigating the nature and extension of oceanic sedi- 
mentation, we must not neglect the possible existence of sub- 
marine currents. Sir James Anderson says in a letter to 
me : ‘ Pei’haps the most marked -experience we have had of 
currents at great depths was in the case of the Falmoutli cable, 
near Gibraltar. At 500 fathoms the wire was ground like the 
edge of a raxoi*, and we had to abandon it and lay a new cable 
well in shore. C^aptain Nares, of the surveying ship Nemesis 
I think, with tangles could get no specimen” of the bottom 
whatevei’, and he thinks he got suflicient evidence to prove the 
existence of a perfect swii'l at that depth.’ Again we have it 
on the evidence of Professoj' Verrill that the deposits under the 
Gulf Stream, even at great depths, do not correspond with the 
Challoujer experiences. Large blocks of sandy clay were 
brought up from 1,000 fathoms, and large masses of hard bitt 
sticky green isii-blue clay from 1,168 fathoms, and between 
2,000 and J3,000 fathoms in all the ten localities ‘ Globigerina 
Ooze ' occurred. The Red Clay wliich, according to the 
Challcmjer investigations, distinguishes such dei)ths was not 
once met with.^ 

According tb the late ^1. Milne Kdwards, the Talisman 
soundings showed the bottom of the Sargassum Sea to be 
formed of ‘ a thick layer of a very line mud of a pumice nature 
covering fragments of pumice and volcanic rocks.’ Between 
the Azores and France the sea bed ‘ is carpeted throughout 
this region with a thick white mud composed almost ex- 
clusively of Globigerinie, and covering pumice deposits and 
fragments of various kinds of rqcks. Some of these rocks 
brought up in our nets bore the impress of fossils, amongst 

* ‘ Marine Fauna anti Deep-sea Deposits off the Southern Coast of New 
England ’ (Amer. Jouni. of Science, November, 1884). 
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others of Trilobites. But what wore surprised us was to find, 
fit a distance of over 700 miles from the European coast, 
pebbles polished and striated by tlie action of ice.' The 
sea bed stretching westwaid of Morocco and the Sahara was 
found to ho ‘^‘.xiremely uniform, no longer presenting those 
rugged reliefs that had so impeded our opfu-ations on the 
coast of Spain.’ ‘ Professor Sars says the extensive depression 
between Norway, the Faroe rslands, and Iceland appears every- 
where below 1,000 fathoms ‘ to consist of a veiy peculiar loose, 
hut very adhesive, exceedingly light, nearly greyish W'hite 
clay, which is stronglj’ calcareous, and on being washed or 
passed through a sieve appeal's to consist almost exclusively 
of shells of a little low' organism Ixdonging to the Foraminiforai 
Biloculina.’ ‘ The ililoculiua clay of the cold area contfiins a 
greater quantity of lime than the Giohigerina clay of the 
Atlantic.* At a distance of from 70 to 110 English miles from 
the coast of Norway, at the edge of the submarine barrier, ii> 
depths of from 300 to 100 fathoms, the bottom is generally hard 
and stony.' ‘ Numerous rolled stones, w'hose smooth rounded 
forms and w'Oili edges clearly enough show that they had atone 
time been subjected to the powerful action of ice, lie here 
strew'n on the soihetimes vei’y uneven bottom, consisting ot 
solid rock, and prevent the dredge from acting properly.’ 
This submarine platform as a rule rises somewhat towards its 
outer edge before it slopes tow.-u-ds ilie great depths lying beyond 
it, and simultaneously assumes, as in the well-know'iv ease of 
the Storegg, a hard stony character. ‘ .\t the^rst sounding, 
when Avo went out from Husoe, we struck this edge ai about 
140 J-higlish miles distance from the coast. The bottom, whicli 
before had everywhere apjicared to be soft, siuldenly at a 
depth of 221 fathoms hecame hard and stojiy, and I'ctained 
this character even after it hail sloped about ffO fathoms down 
towards the deep sea lying beyond.’ ' , 

The dilTerence in the nature of the submarine plateau off 
the coast of Norway and the belt of sliullow soundings off' the 
mouth of tlie Amazons -•w'hicb shallow belts nioi’e or less 

‘ TIio Talisman Kxpi'dieiun. — Xatt^e, December 27, 1HS3. 

Mr. Gwyn JelTreys saysf the J*i>ycttpine dredKiuKS gave from 50 to JIO 
per cent, of carbonate of lime. Katury, bVbuary 3, iKSl. p. S2«i. 

=* 'the Noi-weoian North Sea Expedition of IHTO. --iVo/Mrr, March H, 1877, 
p. 412, vol. XV. 

‘ Ibid, — Xafurc, vol. xv. p. 43*1. 
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distinguish several of the coast lines of continents, especially 
near the mouths of great rivers — appears to be that the former 
is a submarine extension of the continental framework of the 
land, while the latter is the effect of accumulated sediment. 
The deeply serrated coast line of Norway indicates a consider- 
able subsidence, for these great fjords, profound in depth, 
miming up miles into the heart of the land, have undoubtedly 
been formed hy the denudation of subaerial agents at a level 
much above the sea line. Under these circumstances we find 
the rugged nature of the country continuing far seawards under 
the rolling waives of the Atlantic. In the case of great con- 
tinental rivers discharging into the open ocean or deep seas, 
the soundings are shallower and comparatively regular up to 
the edge of the great oceanic slope. 

In conclusion, I am very vrell convinced from the reasons 
already given, namely, the great ago and permanency of the 
river basins - such as the Amazons, which has certainly existed 
since Tertiary times — the depth of alluvial and other modern 
deposits at the mouths of most great rivers, the existence of 
extensive platforms about their mouths with uniform shallow 
water over tlieiii, the absence of rocks and presence of modern 
sc‘diinents, that deposits are now taking place in the sea 
thousands of feet thick, and parallel to those which we know 
have ot^currcd over and over again in geological history. These 
deposits are, in my view, submarine extensions of the true 
deltas, which will make themselves felt in future geological 
history. ^ 

These i:onsiderations open up many geological questions of 
surpassing interest, of which we have hardly yet touched the 
fringe. The further we penetrate the unexplored regions of 
l^hysical geology the larger appears the extent of countrj^ 
before us. Deeply sensil)le as T am of the slight and im- 
perfect character of the sketch presented to you to-night, I 
trust that it may not be entirely barren, hut may he found to 
contain some ideas tliat will germinate and yield further fruit. 
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CHAPTEB XXII 

TIME AS A GEOLOGICAL FACTOR 

rpiIE importance of time as a factor in geolo^ 
has, in relation to denudation, bec'ii more or 
less understood and admitted by* geologists since 
the days of Hutton and Playfair. Not so, how- 
ever, is it realised that time plays an eciually- 
important part in geological dynamics. 

It is well known to those who have to deal 
with practical niechanics that time is an element 
which has to be considered and contended with. 
A beam carrying a static load may be perfectly* 
safe when newly subjected to it, but let the load 
remain long enough and a permanent set is given 
to the beam, ending in collapse. In the same way 
chains, ropes, and similar mat(‘rials subj(?ct to 
tensile stresses weaken independently of actual 
wear or attrition. 

The molecular changes that take^lace in all 
materials under constant stresses are not well 
understood, but it is within the practical experience* 
of most of us that -a bar too rigid to bend on the 
application of a comparatively sudden force will be 
pliable to one gradually applied. 

Ill the same way rocks act in the heart of the 
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earth’s crust, and even the most rigid are moulded 
by the complex stresses they have to contend with. 
Subjected as they are to enormous vertical pressure, 
increasing with the depth, when lateral pressure is 
developed, the various beds are moulded into forms 
frequently having considerable symmetry. On the 
other hand, fractures often take place due to the 
differences of rigidity of the several associated 
beds. 

Again, with normal faulting a new set of stresses 
are introduced — namely, tension and those due to 
vertical shearing and compression — which hfive 
already been discussed under the head of ‘ Con- 
traction Faults.’ 

The proof that all these forces have been 
applied gradually is to be found in the beds of 
rigid rock often symnietrically bent as if they were 
sheets of a ductile metal. Every material is 
plastic to competent pressure applied sufficiently 
slowly. ^ 

The catastrophic elevation of a mountain range 
is an event that could only happen were it 
possible that energy could accumulate in the 
earth’s crust sufficient to bring about suddenly 
such a vast uphettval. The sudden upheaval of 
even a small mountain chain would shake the 
earth to its foundations, while that of, say, the Alps 
or Alleghanies would go far to destroy the whole 
habitable globe. J3ut this, event is in my -philo- 
sophy an impossibility. Eong before such a vast 
store of energy could accumul.ate, the earth’s crust 
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would adapt itself by recurrent small 'movements 
to the forces acting upon it. Everything in geo- 
logy leads us to think that mouiitaiu ranges are 
built up by gradual and successive creeps, and that 
a sudden release of pent-up forces takes place on a 
scale not larger than what is experienced in a 
great earthquake. 

The symmetry of the folds seen in the Appa- 
lachians and other mountains of that type are 
eloquent proofs of the extremely gradual waj'’ in 
which they have been built up. 

That these forms of upheaval are mainly due 
to lateral pressure is admitted by nearly all geo- * 
legists. What’, then, does this great fact mean ? 
It means thaft for a sudden upheaval to take place 
sections of the j?arth's crust of areas extending to 
thousands of square miles must simultaneously 
move in a horizontal direction one way or the 
other over distances to be measured by ^niles — 
distances, be it observed, sufficient by the com- 
pression of the strata to raise up parallel ridges 
having the cubic contents of these great ranges. 

Let us try to follow out mentally the conse- 
quences of such an extraordinary event as the 
sudden creation of a mountain Tange. ’’ 

The movement of such an enormous weight 
over the earth’s surface, were such a thing possible, 
would doubtless be accompanied by earth waves of 
appalling violence, shaking the whole lithosphere of 
the globe. Not only would this occur, but the 
redistribution of weight on the earth’s crust and 
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the piling hid of materials in the range itself would 
profoundly influence the structure of the earth’s 
crust. The weight of the piled-up materials would 
press the crust down into the subcrust. It is 
almost needless to tell a geologist of the present 
day that there is no record to be found in moun- 
tain ranges of any such vast and sudden movements 
having taken place. Instead of a tumbled mass of 
materials, such as we may conceive would result 
fr’om a sudden release of dormant forces competent 
to carry out such changes, \ve find order and 
symmetry and a perfect refitting together of the 
beds, to which operations we may suitably tqDply 
the term ‘ building ’ t)r ‘ mountain-building.’ 

The fact also must not be lost siglit of that in 
many cases the material removecl from the range 
bv denudation is in excess of what remains, so 
that properly to appreciate the vastness of the 
oporatk)ns involved in the sudden creation of a 
mountain j^ange we must at least double the load 
that has to be acted upon and })iled up in a re- 
stricted area. 

And here it may be well to note that in the 
early days of geoh)g^>', when taitastrophic*. views 
were not dnnaturtilly in the ascendant, it was 
supposed that mountains were created by simple 
upthrows or ‘ upheavals.’ 

Exactly what ‘ upheaval ’ •meant it is dillicult 
to find out. Probably it was one of thoso words 
that help to soothe the iiupiiring mind, even if they 
do not satisfy it. 
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"Wq now know that, thoufifh uprise of compressed 
materials of the crust underlying the stratified 
lithosphere does take place, the principal forces 
have acted horizontally, and redistributed the load 
on mother earth by folding, compression, and by 
over-faulting. 

This illustration is given as an extreme case of 
the application of catastrophic principles — or want 
of principles — to moTintain building properly so 
called. Doubtless those who now consider that 
such events have .constituted a considerable part 
of the geological historj'^ of o\ir globe will divide 
each ‘ upheaval- ’ into periods, and instead of 
making one event of it will make many. It is 
evident to any one possessing elementary mechani- 
cal knowledge that such periods must be limited 
by the stresses the lithosphere is competent to 
bear withc^ut moving ; when this is exceeded the 
change takes place from the sudden relief afforded. 

Therefore, looked at in its proper lifi^it, the dif- 
ference in the views of the modern and the earliest 
geologists are those of degree only. Catastrophes 
may happen, but not on the stupendous scale in- 
voked by the pioneer reasoners on geology, who, 
having few’ facts to go upon, imagined the rest. 

The progress of geology is due to the careful 
w'ay in wdiich Nature has been examined and 
questioned, and to ‘the application of principles 
established by kindred, and maturer sciences to 
explain phenomena now more accurately recorded. 

The tendency of this closer study of the records 
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entombed in the earth’s crust is to show that in 
the domain of geological evolution all has been 
systematic and orderly. It becomes more and 
more apparent that the features of the earth’s 
surface are the progressive result of the interaction 
of internal and external forces. If there be one 
thing more than another that impresses itself on 
the mind, it is the slowness with which these vast 
changes come about and the enormous length of 
geblogical time. 

In the early stages of investigation the relations 
of one set of phenomena to those of another were 
* naturally not apparent. 

For instance, it was not known that mountain- 
building is alwaj's preceded by great sedimentation. 
This was a generalisation that coidd not be made 
until a vast amount of geological mapping had 
been done. 

Fui-thormore, these sediments — the comminuted 
ih'bi'ia of earlier lands — cannot have been laid down 
otherwise than very slowly. Fven if we assume 
that the area of deposit is but one-tenth that of 
the area of denudation, the accumulation of a 
thickness ol: deposit comparable w'ith that exhibited 
in a large mountaiil range must have taken millions 
of years. But it is proved that there are rocks 
t^xisting in which the accumulation proceeded 
much more slowly than the ordhiary denudation of 
the land. In a most interesting paper by Professors 
Edgeworth David and E. F. Pitman it has' been 
shown that there exist in New South Wales 
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Palioozoic Radiolarian rocks reaching a thickness 
of 9,000 feet, inclusive of submarine, tufts, and 
composed chielly of tests of radiolaria, which are 
present in the bulk of these rooks in the proportion 
of one million to the cubic inch. The rocks are 
estimated to extend a distance of 285 miles north 
and south. Dr. Hinde in a separate paper on the 
same subject considers that the rocks are of 
Devonian age, and he observes : ‘ For the formation 
of so great a thickness of rock composed principally 
of extremely tine, calcareous or clayey materials 
filled with the remains of these microscopic organ- 
isms, an enormous period of quiet sedimentation 
must be conceded.’ ‘ 

Thus we See that the regenerative forces of the 
earth wait upon Jbhe crumbling and destruction of 
the old lands. The one is consequent upon the 
other. A vivid conception of the slow pace at 
which these operations proceed is preseiiteil to us 
when we consider the extreme comirunutioii to 
which the sedimentary particles composing the 
rocky envelope have been reduced. The chapter 
on slaty-cleavage emphasises this, as it does tlie 
slo\yness with which the dynamic forces brought 
into play by internal heat aiicl pressure act in 
imposing new structiires upon the rtaks, and, 
figuratively speaking, i)rovide the marble from 
which Nature’s chisel ca\;ves out those varied 
features which make tlip beauty of the landscfipe. 

Q. J. G. pp. 16 63. 
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The value of Time as a geological factor in the 
regeneration and reconstruction of the face of the 
earth, though it may not at first be apparent, 
assumes overwhelming importance with the increase 
of our knowledge of the mysterious yet systematic 
and purposeful ways of Nature. 
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CHAPTER XXIII 

BEARING OF THE INVESTIGATIONS ON THE SUPPOSED 
PERMANEN('E OF OCEANS AND CONTINENTS 

I T will be of interest to consider in what way the 
physical and experimental investigations re- 
corded in the preceding chapters affect the question 
of the permanence of the great oceans and the 
continents. 

But it will be first necessary to ascertain what 
meaning is attached by the leading geologists who 
have written upon the subject to the term ‘ per- 
manence.’ 

A study of the various views that have from 
time to time been put forward leaves an^inipression 
upon the mind that the controversialists have not 
all been discussing the same thing. 

Dana seems to have originated the idea that 
continents have been built up about cerlain nuclei 
— portions of the crust of the earth’ that have 
first hardened- -and that they have developed by a 
process of inorganic growth to their present forjii. 
Infcrentially this would constitute permanency of 
the gr«eat land masses^ and the great oceans, but 
it was not formally stated in that way. l^arwin 
favoured the view that the land masses have been 
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substantially in their present position since Cam- 
brian times, and very properly condemned the 
readiness of some naturalists to build land-bridges 
across the oceans to account for every little difli- 
culty that beset them in the way of geographical 
distribution t)f plants and animals. 

The naturalist who gave the most definite form 
and fixity to these speculations on the permanence 
of the great lajid areas is undoubtedly Wallace, 
though in his later speculations he appears willing 
to admit that a larger area of the globe has been 
subject to fluctuating continental movements than 
he at first supposed. 

As regards the great depths of the ocean he is 
still finnly of opinion that they havty never been 
land during the geological perigds we are ac- 
quainted with. Formerly, for practical purposes, 
he took the 1 ,0()0-fathom line as generally and 
roughly, indicating the separation between the 
oceanic and^ continental areas. Further informa- 
tion has led him to consider that the 1,500- or 
perhaps in .a few cases the 2,000-fathom line marks 
out the deeper and unchangeable portions of the 
oceanic basins.* 

Intermedkite between the extreme views held 
by Wallace on the permanence of continental and 
oceanici conditions and those ^of Lyell and the older 
geologists who considered that every i)art of the 
present oceans had once been land and every part 

^ ‘ The Perinanonce of the Great Oceanic Basins ’ (Natural Sciencf\ 
voh i. p. 419, 189‘2). 
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of the land had once been sea, almost every 
combination of permanence and permutation has 
had its advocates. 

There is, however, a general disposition among 
geologists to concede great geological antiquity to 
some of the deeper portions of the oceans, though 
such an eminent authority as Suess sees ‘ no reason 
why parts of the ocean or even of the dry land 
may not to-morrow sink to form new depths, or 
why we should believe that all the great ocean 
basins have been continuously covered by water 
since panthalassic times. So far as the Atlantic 
is concerned, there even exists some evidence to 
the contrary.^ 

It is not niy object to discuss the whole aspect 
of the (|uestion, or to inquire minutely into the 
arguments made use of by the several eminent 
geologists in support of their views. That their 
opinions should differ one from anothei* is not 
at all surprising when, as pointed oivt by Suess, 
they start from fundamental discrepancies of prin- 
ciple. 

In reasoning on the subject, the first great 
difficulty met with is the absence of full and 
accurate information as to the •submerged portions 
of the earth’s surface. We know that the land 

' Natural Science, vol. ii.* p. 187, 1893. See also Dr. Blanfurd's 
Presidential Address to tlie (teological Society of Ijondon, 1890, and 
the very coiupreliensive opening Addvess to the Poyal I’hysical Society 
of Edinlmrgh, yol. xiii., 1894 and 1895, in which the late Professor 
H. A-lleync Nicholson discusses the whole <xue8tion. One of the 
earliest contributions to the subject was by myself, ‘Oceans and 
Continents ’ {Geo, May. 1880, p. 885j. 



PERMANENCE OF OCEANS AND CONTINENTS 307 

areas have been at various times submerged, 
because we find in them great thicknesses of strata 
full of marine fossils, in some cases reaching miles 
in depth. 

We also know that the alternating conditions 
of dry and submerged land have occurred again 
and again on the same areas at various periods 
of geological time. 

When, however, we begin to speculate upon the 
submarine conditions of the earth’s surface, the 
data become of a more inferential character. 
If it were possible, as doubtless it may be at 
some time, to put down bore-holes in the bed of 
the ocean, the work of the geologist would become 
miicli easier and clearer. For instance, if even 
the deeps only have been permanent throughout 
geological time, a testing bore would reveal the 
geological history of the locality by an unbroken 
sequence of sedimentary deposits. It makes the 
mouth water to think of it ! No unconformity, 
no missing fink, no imperfection of the geological 
record ! 

As I feel quite certain it will never be my good 
fortune to behold such an interesting core, T must 
confine myself to pointing out what evidences of 
a physical nature do exist from which we may 
reason from the known to the unknown. 

It has already been proved that, in addition to 
the geological records of the transgression of former 
seas and oceans over the sites of existing con- 
tinents, numerous pulsations of upheaval and 
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subsidence, nuirked 1)3' marine terraces, have 
occurred in (luite recent geological times. 

On the other hand, recent risings and sinkings 
of sea-bods have been proved on equallj- good 

evidence. 

The subiuerged or ‘ drowned ’ valleys found on 
almost every continental and island coast line 
speak oloquentl3' of former elevation of the land. 
These sub-acn-ial features, together with the sub- 
merged escarpments traced b3' Spencer and others 
in the Antilles and on the American c'oast, 
reinforce the testimoii}' of the submerged river 
courses. 

But we have not to depend altogether upon 
soundings and Admiralt^y charts to know that 
these features .exist. When borings have been 
made at the mouths of great rivers, no matter in 
which continent the3' are situated, the3' reveal the 
striking fact that the river-beds are considerabl3* 
below the sea level. The3' are prolpngations of 
their bed-rock valle3s filled up with detritus, 
which usuall}' increases in coarseness as the 
ancient bed of the river is approached. Precisel3' 
to^ what distance the3' ma3'^ be continued under 
the sea-bed we know not. But it is here that the 
investigations of Spencer come in to help us, and 
the Admiralty charts -offer their quota of evidence. 

Ill numerous cases, like that grand exemplar 
the Congo, the valle3’^ may be trjiced by soundings 
far out seawards. 

This universal marginal evidence of the sub- 
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mergence of sub-aerial features is a' striking and, 
it long appeared to me, an inexplicable phenomenon. 
To account for it by a supposititious contem- 
poraneous sinking of the whole of the dry land 
or continental blocks seems far-fetched. 

My matured opinion, founded largely upon the 
investigations undertaken for this work, is that 
the present contemporaneous submergence of all 
these valleys cian be Satisfactorily accounted for 
only by a rise of portions of the floor of the ocean 
basins. The bulk of the oceanic waters has been, 
we may reasonably assume, a constant quantity 
within the limited geological period now under 
consideration. 

If the theory of geomorphic changes set forth 
in Chapter I. be a true conception of the operations 
of Nature, there must have been during the long 
vista of geological time many changes of quiet 
upheaval and subsidence of the ocean floor. Such 
movementf^ may, in the greater number of cases, 
have been concealed by the hydrosphere. The 
area of the great oceans is much in excess of that 
of the dry land, and the profounder depths may 
have been greatly affected without the bottom 
being lifted up sufficiently to form dry land. The 
effect of this shallowing of oceanic deeps would 
make itself felt by a rise of the waters on the 
bordering land, the universal, submergence of the 
coastal regions, and the phenomena of drowned 
valleys. 

On the other hand, the sinking of a portion 
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of the oceanic basins would be re^^istered by 
iiorissontal inatine terraces and deposits. 

In all these speculations we must never lose 
sight of the fact that the hydrosphere is a mere 
film on the surface of the spheroid. An average 
of about miles is the latest computation of the 
depth of the ocean. 

This represents only about one seventeen- 
hundredth part of the radium* of the earth. 

A very small fluctuation of volume of a portion 
of the solid glol)e, such.as might readily take place 
on the principles enunciated in Chapter I., would 
make a considerable difference in the distribution 
of land and water. 

We musi be ever on our guard against the 
natural teudenc-y of the human mind to exaggerate 
heights as compared with areas.* 

A sinking or a rising of the ocean-bed, and the 
consequent rising or falling of the sea level in 
relation to the land, although it would, bo univer- 
sally felt, w^ould be limited as regards vi'rtioal 
range. It w'ould not account for the greater 
changes of level w^hich occur both locally and 
over large areas, as detailed in Chapter 1., nor 
for the w'arping of ancient shore lines or other 
numerous cases of differential movement detailed 
in this work. It would he essentially slow in 
action, extending oVpr lengthened periods of time. 

The evidences seem irresistible that the 
chaiiges of level of land relatively to the sea 
See iliagram, Plate J., Book T. 
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surface are in most cases mainly actual uplifts 
or downthrows. These absolute vertical negative 
and positive movements are superimposed upon 
minor risings and sinkings of the sea level. 

If the earth be endowed with a mobility re- 
sulting from differential changes of volume, as set 
forth in the Theory of Geomorphic Changes 
(Chapter I)., the resultant effect w^ould coincide 
with the recent and • geologic changes of level 
registered in the earth’s history. There would 
be slow and steady rises and sinkings of the sea 
level of a universal character, and large but in 
comparison local upthrows and downthrows of 
the dry land. These movements of the lithosphere 
would not be conlined to the dry land*; they would 
also be going on under the hydrosphere, but out of 
our ken. 

The universal pulsations of rising and falling in 
the sea level are secondary effects of the ^s■arpillg 
of the lithcsphere.’ 

Upon all these ureal changes of level are super- 
imposed the changes brought about by lateral 
])resaure, wdiich T have sought to sho\v is due to 
recurrent expansion and consequent lateral creep- 
ing of the surface* rocks. These movements are 
initiated by a long course of sedimentation, which 
in some cases creates deposits many miles thick. 
It is proved that the sea-bed has in places sunk 
under the load of sediment thrown down upon it. 


‘ ‘ Thcovy of Geoiuorphic Changes,’ Book I. 
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but it ia doubtful if the bending of the crust is 
wholly caused by the weight of the deposit. 

Most probably it is the coincidence of a sinking 
area with a great inllow of sediment that creates 
the abnormal thickening and immense concentra- 
tion of mechanical deposits which, we have seen, is 
the precedent condition for the production of a 
great iriountain range. 

In the views I have elaborated in these pages 
and in ‘ Tlie Origin of Mountain Ranges ’ there is 
little to favour the idea that the continents are 
permanent. 

Their development has necessarily been slow, 
but a lateral spreading of sediments is ahvays 
taking place ‘round their borders. Many trans- 
gressions of the. seas across the continents have 
occurred from ago to age, as graphically des(;ribed 
by Suess ; but, although sediment may be brought to 
and be deposited on the sites of former land's again 
and again, there is nothing existing in* the shape 
of a catchment even at the 1,500-fathom contour 
to prevent sediment drifting out and settling in the 
sea-bed beyond during one of the iriany mutations 
of level to w'hich the earth is subject. 

We may justly ask if the land lluctuated in 
elevation to the extent of 9,000 feet, what be(*ame 
of the sediment when the land w^as at its maximum 
height above the sea level,? Would it not have 
spread out and encrojiched upon tln^ sea w'here 
now are the great deeps ? It seems to me 
the admission that changes of level up to 10,000 
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feet have taken place gives- away the idea of 
continental permanence and leaves only the ‘ vasty 
deeps ’ consigned to permanent repose. 

Karth-structure phenomena hinge so together, 
the one set of movements are so correlated to 
others, that it is necessary to take a very wide 
sweep of vision to make even an attempt at 
explanation. For instance, there is the case of the 
Island of South Georgia, in the Antarctic Ocean,* 
which I pointed out so long ago as 1884 was 
found by the German Expeditipn to be formed of 
clay slate, and that the presence of such cleaved 
sedimentary rocks was a clear proof that the island 
is only a small remnant of a large area of land, and 
the soundings appear to bear out this ‘view.- 

Again, 1 have shown that the bottom of the 
Atlantic is not a plain as assumed by some, but a 
diversilied surface like that of the dry land, and 
that a large portion of it has at some former geo- 
logical age, been carved out by sub-aerial agencies. 

It is satisfactory to have the support of Suess 
in this view, though his theory of how the Atlantic 
originated differs from the explanation advocated 
in this work. 

Furthermore, it*has been strongly urged that, as 
no deep-sea deposits exist on the land areas, it 
follows that the deep sea has never been over 
them. This, as I have frequently pointed out, is 

' * The Island of South Georgia Mag., 1884, pp. 225, 226). 

• Sec Chap. XIX. Slaty- cleavage, which proves that slaty-cleavage 
can only be induced in strata buried by vast masses of other rocks, 
which in South Georgia must have been removed by denudation. 
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arguing from negative evidence and so impossible 
of proof. 

When such vast areas of the earth were and 
still are geologically unexplored it was, to say the 
least, a very bold assumption. Now we know that 
this statement cannot be supported, for such deep- 
sea deposits have been discovered in the form of 
Kadiolarian cherts. 

Looking at the question from a mechanical and 
dynamical standpoint, there seems to be no reason 
why oscillations of level should be restricted to 
9,000 or 10,000 feet, yet the strongest upholders 
of the theory of permanence agree that movements 
to that extent liave occurred in the past. 

1C veil if we assume that no greater vertical move- 
ments than these have affected the great land areas 
of the globe, the problem of how such vast areas 
have from time to time been uplifted or depressed 
remains for solution. 

This has been attempted in Chapter I., and if 
there be truth in my theory of geomorphic changes 
there seems to be no valid reason why 10,000 feet 
should be the maximum variation of level of any 
portion of the earth’s c;rust. 

In considering the beariiigti of these vertical 
movements even if limited to an uprise of the sea- 
bed not greater than the figures (juoted, we must 
not forget that when the continents or portions of 
them were at their maximum elevation, the sur- 
rounding seas would be shallowing by the deposit 
of detritus brought down by rivers. 
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These operations of Nature take an immense 
time, and there must exist in the bottom of the 
ocean enormous masses of sediment which, in the 
course of geological time, will l)ecome dry land. 

That the continents on both sides of the 
Atlantic have been raised simultaneously e?i bloc, 
and that the continental slopes represent sub- 
aerial escarpments bounding these blocks, it is 
dillicult to believe. 

The displacements would be so huge, if simul- 
taneous, as to forbid acceptance. Nevertheless, 
there is, as we have seen, good evidence of a 
universal character that the land masses are 
bounded by marginal features pointing to sub- 
a(h'ial agencies as the developers of the forms met 
with. 

The obsciiritN' of scune of the sub-oceanic 
features is not to be wondered at. There is a con- 
sensus* of opinion that Pleistocene or Quaternary 
time has been much more lengthy than formerlj’^ 
siijjposed. During that period, if not for longer, 
most of the big rivers have been pouring their 
loads of detritus into the seas and oceans. 

13y lluctuations of the level of laud and sea these 
deposits have beeil laid down now here now there, 
sheeting and levelling the bottom of the ocean 
with new strata. 

The main drainage lines have been preseiwed 
by these fluctuations of l^vel, and the ‘ notches ’ 
or channelling in the continental shelf have only 
been partially filled up. If we add to this observa- 
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tion the difticulty of getting? soundings sufficiently 
close together to develop the sub-oceanic forms — 
or what may be called the sub-aqueous orography — 
we may form some idea of the difficulty of con- 
structing reliable bathymetrical charts. 

At present, from the information at hand, we 
can form but a sketchy idea of the land features 
at the commencement of Pleistocene times. The 
details are, however, gradually growing, though it 
will be reserved for others to benefit by them. 


There now rei;min the oceanic features called 
‘ deeps ’ to consider. These, as already pointed 
oiit by Dana, cannot be volcanic in origin. They 


occur in non-volcanic as well as in volcanic areas. 


They are,*in my view, produced by a Hagij 'nuj of 
the earth’s crust, similar to that which originated 
the Alediterranean basin.' They are not necessarily 
permanent. 

Take the ‘ Sigsbee ’ and ‘ Thoulet ’ deeps* which 
ar€i within 100 miles of tli(‘ continental shelf of the 


North American continent. Had they existed as 
‘ deeps ’ in former geological ages, Innv is it they 
have not been filled up by the rain of sediment 
continued through all that lengthened time ? 
They may not be very old and not * necessarily 
more lasting than the deej^ basins on contincnital 
land such as the Black* Sea and Bake Baikal. 


* liy «,n expedition sent ont by the Vienna Academy of Sciences, 
the neatest depth of the Eastern IMediterranean funn<l was ii,700 
metres, or over 2:^ miles, near a great depression wliich runs betwcoi 
Malta and Ccrigo.— (ionaijp, ^lay 1891, p. 114. 
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The conclusion is forced upon us that move- 
ments and intorohan^jes of such magnitude have 
occurred in the distribution of the oceans and land 
masses during geologic time that it would be a 
misnomer to call them ‘ permanent.’ * 

Slow indeed have been these geographic permu- 
tations, and, as pointed out in Chapter III., there 
has probably existed connecting land between 
them in one place or f^nother through long periods 
of geologic time. 

To sum up in one sentence, the changes are 
essentially forms of development, the permanence 
is that of land connection. 

’ Dr. 1?. Schurff, in a pnper ontitled ‘ Some Keniarks on the 
Atlantis I’roblem,’ read before the Ibiyal Irish 1\eadoiiiy, Novem- 
l>er, 10, 1002 {Proc. vol. xxiv., sect. Jb Tart B), brings forward e\idonce 
of a varied character to siip])ort his contention that there has been 
at no very remote period a Ian<l connection between Kurope and 
America. 
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CITAPTEll XXIV 

PLEISTOCENE RAISED REACHES AND SUBMERGED 

FORESTS 

Description of Plate XXXVII. 

• 

I AM indebted to Mr. J. J. II. Tcall, F.R.S., Director of the Geological 
Survey of the United Kingdom, for the photograph of the Raised Beach 
nortli of Ihillantrae, in Ayrshire, of which I’late XXXVII. is a repro- 
duction. Between Ballantrae and Girvan many examples of Raised 
Beaches are preserved at different levels, mostly cut in Boulder Clay. 
The one represented is at a level of 50 feet above 0. D. • The beach or 
terrace is co\ered with gravel and sand. 
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Description of Plate XXXVIII. 

Plate XXXVIII. is a view of one of the raised beaches near Vadso 
on the Varangcr Fjord, from a photograph supplied by Mr. Edmund 
Dickson, F.G.S., and taken in 1896. The ancient sea cliff is a well- 
marked feature in the landscape and is worn in a hard quart zose sand- 
stone, the * Gaisa Grit.’ The terrace or beach is formed of angular or 
subangular stones in a sandy or gravelly matrix, the stones being 
usually more rounded in the lower terraces than the higher. Besting 
upon the surface were many boulders and some erratics. Mr. Dickson 
says,^ ‘ In few places in Norway are the raised beaches so well exhibited 
as on the northern side of the Varanger Fjord. Behind Vadso the 
terraces range one above another, the highest terrac^ being, according 
to Mr. Strahan, about 296 feet above the sea-level, and succeeding each 
other at so shoi't intervals that they appear to fun one into another, 
and render it almost impossible to trace out an individual terrace for 
more than a very short distance. As a rule we found the higher 
terraces were much better defined than the lower.’ The terrace 
illustrated ns about 200 feet above sea-level. 

For further ^letails see paper by Mr. Strahan, Q.J.G.8. vol. liii. 
p. 147. 

See references in this work to these terraces, p. 9. 

‘ ‘ Geology of the Northern Part of the Varanger Fjord,’ Proc. of L^pool 
Geo. Soc. 1897, p*. 135. 
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Descriiition of Plate XXXIX. 

The submerged. forest represented in Plato XXXIX., enlai'god front 
a photograph by Ward of Manchester, is a t^’pical example of those 
surroimding the Roasts of the British Isles. It is to be seen now on 
the shore at Leasowc in Cheshire, but has been much diminished of 
late by the extension of Hoylake eastwards and by denudation. There 
are the remains of a similar forest on the Lancashire coast at Blundell* 
sands, which, when I first saw it, was much more extensive than at 
present. No doubt the two forests were separated by the Biver Mersey, 
which was a fresh -water river at the time the trees grew. 
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Description of Plate XL. 

This Plate is from a photograph by Mr. Robci-t Welch of Belfast, 
illustrating a paper by myself and Mr. Joseph Wright in the Geological 
entitled ‘ A Contribution to Post-Glacial Geology,’ March 
1900, p. 97, the block of which was kindly lent me by Dr. Henry 
Woodward. It represents the most characteristic of the Marine 
Foraminifera found in the blue clay underlying the Leasowe Forest 
bed. 

Trochamminitt inflata (Montag.). 

TeHnlaria glohulosa, Ehr. 
liuUmina pupoidcs, D’Orb. 

„ marginata, D’Orb. 

„ fttsiformia, Will. 

„ rlegantissimay D’Orb. 

lioUvina plicata^ D’Orb. ’ , 

„ obsoleta, Elcy. 

„ „ var. nf-rrata (C|japinan). 

„ punctata, D’Orb. 

('assidnliua (^assa, D’Oib. 

Lagcna la'vis (Montag.). 

„ clavata (D’Orb). 

,, sulcata (W. and J.). 

„ hcragona (Will.). 

('ristrllaria crcpidnla (F. and M.). 

Lagcna marginata (W. and B.). 

(Hobigrrina bulloidcs (D’Orb). 

.. crctacca, D’Orb. 

„ 20. VatcUina roi'rugata. Will. 

21. Discorbina glohu laris {IVOrh). 

., 22. Fiotalia lirccarii (Linne). 

., 28.'* Nonionina dcprrssula (W. and .).), 

„ 24. J’olgstomclla striato-punct((t<f (F. and M.). 

The figures are magnified 40 diameters. 

llcferencos to the changes of le\ cl recorded by these liaised Beaches 
and submerged forests will be found in Book 1. 
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See also ‘ Oscilbitions of the Jaivel of the Land near Liverpool ’ 
{Geo. Mag. November 1H96, p. 48W). * 
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CHAPTEK XXV 

CLOSING REMARKS 

A S the kiiowled^^e of geology advances, the more 
clearly is it seen that the phenomena of our 
earth are related, and that i;here is little chance of 
their being explained unless we call other sciences 
to our aid. 

Before T coinnieiiced the study of geology in 
the field, luy pnictice as an architect and engineer, 
had naturally brought nio into contact with niany 
physical problems, and it is owing to this education 
that I am enah],efl to apprflKich their solution from 
a standpoint somewhat different from that of most 
geologists. It is to tlui aid afford(?d by the collabo- 
ration of scientific workers in their various bnniches 
that we must now look for the advancem*ent of 
one of the most interesting of studie.s-^the history 
of the e\'olution and chivelopnient of the sti’ucturti 
of the earth we inhabit. 

That this ^tudy involves thinking of a high 
order is to be counted to it as* a merit. Whether 
such speculations eventually are shown to be par- 
* fially right or wholly w'rong, they may possess great 
siiggestivoness and lead to nearer approximations 
to the truth. But before theories can be established 

I 

all ihc5 underlying scientific ideas must be brought 
to the test of prac tical experiment and ejuanti- 
tatively investigated. In my own case I have 
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aimed at this method of proof, and the result is 
embodied in this work. 

To spin theories independently of the facts of 
Nature is a vain and unprofitable occupation, but 
it is now recognised by all scientific men that a 
working hypothesis is needful in scientific investi- 
gation. A bare collection of facts would prove as 
barren as too much hypothesis. But no* collection 
of so-called facts, however bare, can be made with- 
out a basis of underlying assumptions. 

The continuity of my work .in the past is some- 
what hidden by being distributed through so many 
Journals and Proceedings of scientific societies. 
Pew, if any, would labour through these valuable 
tomes to get a connected idea of the principles I 
have been attempting to establish^ In the ‘ Origin 
of Mountain Ranges ’ and ‘ Chemical Denudation 
in relation to Geological Time ’ certain of my 
views have been expounded in a systematic and 
tjonnected manner, and it is the object of this 
work to complete and round oif these ‘ Principles ’ 
and bring separate but connected investigations to 
a focus. Nearly the whole of the matter is original, 
and the greater part quite novel. / 

Doubtless I shall be asked why I did not in- 
clude a chapter on Geomorphology and show how 
the present orography of the earth is largely due 
to denudation. . ,* 

To this I reply in advance that tlie gro*und is 
already occupied by noted geologists, who have 
made themselves specialists in this study. Under 
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these cii’CiiinstaiicGS I cannot do better than refer 
my readers to the work and papers of the late jBeete 
Jukes, to W. M. Davis, Israel Eussell, G. Karl 
Gilbert, and other English and American authors, 
not to omit the more popular expositions by J. E. 
Marr and Lord Avebury. 

To have treated so wide and interesting a sub- 
ject with justice would have required a large 
portion of a second volume, and this I was not 
prepared to undertake. 

As a closing word I desire to apologise to those 
authors from whom I may have consciously or 
unconsciously .imbibed ideas, for not specifically 
mentioning their names. It is very difficult to trace 
the origin of one’s opinions. If the conceptions are 
good they soon get absorbed in general geological 
ideas and their ultimate origin is not easy to deter- 
mine. 

Finally, investigation proceeds at such -a, pace 
that knowledge is accumulated diirin^j the time 
a work is in the press which might add to the 
value of one’s labours. To wait for such informa- 
tion would naturally cause never-ending delay, so 
I submit my little venture to my brother geologists, 
bespeaking from them what I feel sure will be 
^granted, a fair consideration even for those views 
that do not meet with their approval. 

With these few rejmarks.I conclude my labours. 
Prosecuted in the intervals of professional work, 
they have necessarily been arduous, but at the 
same time they have afforded me much recreation 
and pleasure. 



RECENT NOTES 

1. Experimental Mmintain Euilcling. — After note 1, p. 195, 
was in type, Lord Avebury read an interesting paper to the 
London Geological Society (May 27, 1903, published in the 
‘ Q. J. G. S.,’ August 1903) describing ‘An Experiment in 
Mountain Building.’ The compression'Vas effected in a square 
chamber 2 feet across and 9 inches deep. The materials acted 
• upon were layers of carpet-baize alternating with layers of sand, 
the pressure applied being in two directions at right angles to 
each other. It is to bo hoped, for the better understanding 
of the experiment, that Lord Avebury, in bis promised further 
researches, will favour us^vith a diagragi or photograph of 
his compression chamber. 

2. liock-sJuUtcring by Differential Expansion. — In a very 
suggestive paper on ‘ The Mechanics of Igneous Intrusion ’ 
(‘ Amerioan Journal of Science,’ August 1903), Heginald A. Daly 
shows*clearly how, by differential expansion, enormous stresses 
may bo set up in a rock invaded by granitic or other igneous 
magmas. This, Mr. Daly thinks, accounts for the shattering of 
the invaded rock so often observed at plutonic contacts. 

3. Subsidence of an Antarctic Continent. — Dr. Henry 
Woodward, in ,a very interesting Presidential Address to the 
Norfolk and Norwich Naturalists’ Society /JMarch 1903) entitled 
‘ The Distribution of Life in Antarctic Lands,’ reprinted in the 
‘ Geological Magazine ’ (September 1903), says : 

‘ It is probable that a very large extent of ancient land 
around the present Antarctic continent has been lost to us by 
submergence, and that the rather numerous small islands in 
the smrrounding ocean are bwt the buoys or landmarks indicating 
large areas of more or less continuous land which hhs since 
disappeared. This is supported by the many signs of vdlcanic 
activity in recent times which these islands display. Doubtless 
land connections stretched from South America to the South 
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Shetlands, the South Orkneys, Soutli Georgia, and to Kerguelen 
Island.’ Also: 

‘ That earth movements on a widely extended scale have 
occurred in the South is evidenced by the very late elevations 
aad subsidences which have taken place in parts of the Andean 
chain and in Tierra del Fuego, also in Kerguelen Island, Kastern 
Australia, Tasmania, New Zealand, and the Chatham Islands.’ 

4. Arctic Geology : liaised Beaches, Ellesmere Land. — In 
a summaiy of the geological results of ‘ The Second Norwegian 
Polar Expedition in the Fram, 1898-1902,’ Dr. Schei, the 
geologist of the expedition, says (‘ Geographical Journal,’ July 
1903, p. G4) : ‘ The youngest evidSnces of marine action are 
the sands and clays, with sub-fossil remains of existing marine 
organisms which were observed at an altitude of 650 feet all 
round the coasts of EHesmcre Land. The altitude to which 
that sea rose is indicated for the most part by the loose 
materials of the marine terraces, although traces of it are not 
wanting in the hard' rock in the form of a flat shore formation, 
in, e.g., Baumanr^ Fjord and to the nortli of tlie Seventeenth of 
May Hill (Syttende Mai Haugen). The same phenomenon is 
exhibited in the forebtnd, which, toShe breadth of 1 to 3 miles, 
and to the height of 650 feet, encircles the plateau, especially 
in many localities in Eureka Sound. It is also remarkably 
plain to see on Graham Island.’ 

5. Prevalence of the Dome Form in Motintain Ifplifts . — 
Israel Russell, in a preliminary paper on the geology bf the 
Cascade Mountains in Northern Washington, says : — 

‘ The great block of the earth’s crust, 100 to perhaps 150 
miles broad, and with a much greater but as yet unknown 
length, with an elevation of from 7,500 to 8,000 feet, from 
which the Cascade Mountains as we now know them have 
been, sculptured, wai^ a nearly flat-topped elongated dome.’ 
This is the generalised form of the Cascade 'region, but in 
portions of the uplifted area there are secondary elevations 
‘.which are in the nature of secondary domes or protuberances 
on its surface and flanks.' ('‘ Twentieth Ann. Hept. of the U.S. 
Geo. Survey, 1898-99,’ pp. 98-99. Part II. ‘ General Geology 
and Paleontology,’) • *■ 

6. The Original Form of Sedimentary Deposits. — In a paper 
under fehis title published in the ‘ Geological Maga^sine ’ (January 
and February 1903), the Rev. J. P. Blake seeks to show that 
sedimentary deposits are not thickest near to their source of 
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supply, aud that the inferences of geologists in thw particular are 
wrong. The physical reasoning by which he arrives at this 
opinion is worthy of study. 

In this connection and the continental shelf problem I 
should like to call the reader’s attention to pages 290-292 of 
this work, reprint of ‘ The Atlantic as a Geological Basin,’ 
Presidential Address to the Liverpool Geological Society, 
1884-5. 

7. The Slate Belt of Eastern Neto York and Western 
Vemwnt. — This report by T. Nelson Dale will well repay 
study, containing as it does so much practical information 
relating to slates and slate quarrying, as well as displaying 
an intimate systematic knowledge of the physics of slaty- 
cleavage. (‘ Nineteenth Ann. Hept. of the U.S. Geo. Survey, 
1897-98.’ Part III. ‘ Economic Geology.’) 

8. Experimental Geology. — Mr. F. W. Kudler, F.G.S., in a 
Presidential Address to the Geologists’ Association, 1889, gives 
a short history of the development of experimental geological 
research which should be read by those interested in the 
subject and desirous of undei'standing its aim^nd scope. 

9. Continental Piawis.^Speaking of the railway systems 

of South Africa, the special commissioner of the Engineer 
says : * ‘You can travel for thousands of miles without the 
sign of a tunnel and almost without cuttings or embankments. 
The risq, too, is as a rule so gradual from the sea-level to the 
plateftux of the interior that, although the railway to Johannes- 
burg reache^ an altitude of 5,689 feet, the gradients are not* 
often severe. This is all the more unusual when we bear in 
mind that by far the greater portion of these lines follows the 
natural tiiululations of the ground^ being laid upon the surface, 
with merely, a sufficiency of ballasting to maintain the road 
as a permanent way.’ ' t 

Mr. John* Foster Eraser, in his intdtesting and infoifming 
book ‘ The Beal Siberia,’ gives graphic sketches of the Siberian 
plains as seen from the Trans-Siberian I'ailway : — 

‘If you have been on a steamer in .a dead calm, and seen 
nothing but a plain to the edge of the world and heard nothing 
but the thump-thump of the engin^, you will understand ex- 
actly how traversing Western Siberia impresses one ’ (p. 27). 

‘ Once — only once from. Moscow to Streitinsk — rwe ran 

' February 3, 1908. p. 167. 



328 EVOLUTION OF EARTH STRUCTURE 

through a bit of a tunnel not a hundred yards long ’ (p^ 137). 
(The distance is 4,055 miles.) 

10. Temperature of the Earth. — Mr. Li. Jack, in the dis- 
cussion of a paper by Mr. Whitaker * On some Well-sections in 
Suffolk,’ read to the Geological Society of London (December 
1902), said of the borings in Queensland, Australia : ‘ In the 
last seventeen years 202 miles of bores had been sunk to depths 
varying up to 5,045 feet ; 532 successful bores gave an annual 
outflow of 128,022,767,710 gallons. The temperature of one of 
the bores was 196° Fahr.’ 
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j on, 152 n. 

I Compression experiments, 147 
Compressive extension, 1^ 
Concrete andasphalte paths, effect- 
of heat on, 202 

Cone, the, a developable surface, 
155 n. 

Congo, valley of the, submarine 
continuation of, 8 
Constitution of the earth, 85 
Conte, J. Le, cited, 53, 56 n.,. 
200 

Continental oscillations, mechani- 
cal forces involved in, 30 
‘ Continental platform,’ Professor 
. HulV-s views on the, 81 
Continents and oceans connected 
by a sub-aqncous terrace, 98 
Continents* are protuberances on 
the spheroid, 88, 118 
Continents at lower relative levels 
than formerly, 43 
Continents, effect of sub-aerial 
agencibs on, 30 

1 ContinentiA existing, differ from 
j their pi’edccessors, 76 
I Continents, mean height of, above 
sea level, 124 

; Contours, submarine, of the coast 
j of Florida, 99 
Contraction due to foil of temper- 
ature, 186 

Contraction hypothesis, the, 213 
Converging pressures, result of, 

' 195 

I Conway, Sir Martin, cited, 207 
; Coral formations in the West 
' Indies, ^3 

Cormval^ subsidence in, 8 « 
Creation, Mosaic accoimt of the, 
47 

‘ Creep,’ causes of, 134 
- Cretaceous foothills of the Rocky 
* Mountains, 196 

Cretaceous rocks, 54 aqg . ; in the 
ISfississippi Valley, 71 
' CroTl, Dr., cited, 266 , 

■ Crosby, W. O., on West^ Indian 
coral formations, 73 n. ** 

I Gross-folding of the Alps, Lord 
Avebury on the, 196 n. 
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Crustacea, shells of, in the tundra., 
Ill 

Crystalline schists constitute the 
base rock of the Philippines, 
115 

Currents, ocean, Stallibrass on, 
80 

Cylinder, the, a developable sur- 
face, 155 n. 


Dai.k, T. Nex.son, cited, 152 
223 n. ; on the New York and 
Vermont slate bed, 327 

Daly, Reginald A., quoted, 5, 325 

Dana, J. D., cited, 53, 118, 200 ; 
estimate of the Quaternary 
period, 71 ; bathymetrical chart, 
120 n . ; on the growth "of conr 
tincnts, 304 

Darwin, Charles, on denudation, 
257 ; on the Oretacean origin of 
the Andes, 290 ; uir the perma- 
nence of land areas, 304 

Darwin, George, oited, 37, 40 «., 
88 n. ; on stresses due to weight 
of continents, 12 n., 14 h. 

David, Professor Edgeworth, on 
New South Wales Palaeozoic 
Radiolarian rocks, 301 

Davis, W. M., cited, 324 

Dawson, Dr. G., cited, 4, 50 n . ; 
on Canadian coast depression, 
288 

Deep-sea currents, 80 

Deep-sea Sounding Expedition, 
117 

Deeps, ocean, 33, 126 ; depressions 
below the spheroid, 38 ; defini- 
tion of, 116; positioned by trend 
of coast lines, 122 ^ cause of, 
316 

Delta, sub-aqueous, in the Black 
Sea, 106 n. 

Denudation, 66 ; important ef- 
fect of, in gcomorphic changes, 
144 

Denudation effects in South- 
Eastern Asia, 113 : in* athe 
Yellow .Sea, 118 

Denudation, sub-aerial, 41, 42,* 
49 *; 

Deposition of denudation pro- 
ducts, 50 


Deposits, freshwater and fluyia- 
tile, in Cretaceous and Tertiary 
rock groups, 55 

I Depression of ocean bottom, effect 
of, 39 

Developable surfaces, M. Tre- 
leaven Rcade’s models of, 155 
Devon, subsidence in, 8 
Devonian series in the Rooky 
Mountains, 196 

Diamonds produced by Moissan, 
27 

Dickson, Edmund, on raised 
beaches in Norway, 319 
Differences between slates and 
grits, 241 

Differential alterations of volume, 
effect of, 45 

Differential effect of pressure, 198 
Differential expansion, effect of, 
on lead, 139 

Differential heating, effect of 
expansion by, 132 
Dip faults, 137 

Disintegration of rocks by chemi- 
cal action, 50 

DiJi^ge's, Professor J. A., analysis 
of Mississippi water, 260 n. 
Dolomites, torsion structure in 
the, 157 

Domed anticlinals, experiments 
in the formation of, 167 
Domical structures, 148 * « 
Drainage lines, persistency of, 
65 ; positioned by upheaval of 
mountain ranges, 65 
Drift, the, common characteristics 
of, 68 

Driftwood in the Arctic seas, 109 
‘ Drowned ’ vallpyg, 34, 41, 129, 
308, 309 

* Dry weathering of rocks, Teall 

on, 2 O 8 

Dutton, Captain C. E., cited, 55 n., 
278 n., 289 

Dynamic movements and sedi- 
mentation, connection between, 
197 

« 

Earth, constitution of the, 35 ; 

* not an inert mass, 28 
Earth-folding and volcanism, 

phenomena of, 88 n. 
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Earth-structure phenomena, cor- 
relation of, 818 

Earth’s crust, two types of struc- 
ture in the, 211 
Eastern Azores Trench, 122 
Effect of expansion by differential 
heating, 182 

Effect of lateral pressure on slaty- • 
cleavage, 247 
Egeria soundings, 119 
Eigg, Miocene rocks of, 69 
Elevation and depression in 
Northern and Central Asia, 
111 , 112 

Ellipsoidal folding, 195 ^ 

Eocene fossils, 2 * 

Eocene rocks in the Mississippi 
Vallej', 71 

Epirogonic movements, 89, 41 
Equality of stresses in earth’s 
interior, 14 

Erosive force of the Pacific tides, 
100 

Europe, mean height above sea 
level, 124 ' 

Evidences, geological, of changes’ 
of level, 1 # 

Exfoliation of Brazilian rocks,'*207 
Expansion as an elemcnit in 
mountain building, 181 
Expansion, differential, effect of. 
148 

Experimonts, compression, 147 
Extension, compressive, 184 


FAitADAY, soundings b 3 ' the, 86 
Faulting and folding closely re- 
lated, 188 

Faulting, contractional, does not 
produce opch fissures, 214 
Faulting due to tension, 212 
Faults, 1.S7 • • 

Fauna and flora peculiar to each 
geological period, 47 
Feilden’s, Colonel II. W., obsei-va- 
'tions in Norway, 6 
Fergusson on Ganges sediment, 
291 n. . 

Fish Commission, United States, 
61, 78 n., 98, 281? 284 
Fisher, Osmond, cited, 18 • 

Fissuring caused by fall of tem- 
perature. 186 


I Florida, submarine contours of 
, the coast of, 99 
i Fluctuating increases of tempera- 
j tare produce a * creep,’ 184 
i Fluctuations of level, 84 ; of ther- 
mal conditions, 88 
j Fluviatile deposits in Cretaceous 
and Tertiary rock groups, 65 
' Folding anterior to faulting, 187 ; 
by lateral pressture, 57 ; due to 
compression, 212 
Foot-hills, formation of, 185 
Foramiuifelm, marine, 821 
I Foraminiferal deposits in the West 
Indies, 78 

Foret'S in interior of the earth, 28 
! Forests, siibmerged, British, 2, 
820 ; at Celebes, 115 
Formosa, denudation effects in, 

• 113 

Ft)S8ils common to Britain and 
North 62 ; marine, 

above sea^level, 1 
Frnm, voyage of the, 109, 826 
Franck, Leon, cited, 27 
Frankland’s I)r., analysis of 
Parana water, 262 ; of Amazons 
water, 268 

Franz Josef Land, raised beaches 
in, 6 

Fraser, J. F., on Siberian plains, 
827 

Freshwater deposits in Cretaceous 
and Tertiary rock groups, 55 


Gaisa Grit, 819 
Ganges delta, bormgs in the, 292 
Ganges sediment, Phillip’s calcula- 
tion of the, 256 

Geikie, Sit% A., cited, 103 7i., 256 ; 
on ancient British volcanoes, 
17 ; on* the geology of Eigg, 70 
Geographic relief of the glt)be, 44 
Geographical features require 
fliictuations of level, 82 
G«o1ogical characteristics com- 
mon to Britain and North 
America, 62 

Goofogical evidences of changes 
• of level, 1 * 

Geological periods, 47, 48.* 
Geological Survey section maps, 
187 
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' Oeblogioal Survey of Oanada» 7^ 
Geological Survey of Indiat 19® 
Geological Survey of Ireland, 281 
Geological time, 801 
Geology, measurement and pro 
portion in, 275 

Gibraltar and the Azores, sound- 
ings between, 86 n. 

Gilbert, G. Karl, cited, 8, 4, 18 
824 

Gladstone, W. E., cited, 47 
Globigerinte ooze, 281, 298 
Gneiss, Silurian, in Scotland, 69 
Gold and lead, Hoberts-Austen^s 
interpenetration experiments, 
18, 19 

Gordon, Mrs. Ogilvie, cited, 157 n. 
Graham Land, submergence in, 7 
Granite, deconiposition of^ 50 
Onivity, specific, of eartb^ crust, 
variations in, 18 

Great liank of Newfoundland, 102 
Great jBasfn, the, 196* 

• Great Declivity, ’ Professor Hull’s 
views on the, 81 

Great Lakes of ^orth America, 
evidence of vertical move- 
ment, 4 • 

Green Mountain region, Ordovi- 
cian schists of the, 152 r/. 
Greenland, evidences of vertical 
oscillations in, 107 ; marine 
fossils in, 6 

Grensted, F. F., cited, 86 ?i. 

Grits and shales, associated, 286 
Grits and slates, differences be- 
tween, 241 

Guillaume on nickel steels, 27 n. 
Gulf Stream deposits, Professor 
Yerrill on, 298 

Gulf Stream Slope, composition 
of the, 272 n. ' 

* f 

^ HAFiLi cited, 58, 200 
Harker, Alfred, and slaty-cleav- 
age, 228 • 

Harrison und Jukes-Browm cited, 

78 7U 0 

Heating of sediments, 57 • 

Herschdl quoted, 14?i. ; on rolatiiie 
extent of ocean and land sur- 
face, 118 ??, 

Hewitt, Win., cited, 64 w. 


fOlgard, 

2fft n, i 

deposits^' 291, 20$ ■ 

Hill, Bob^ T., oa Faii^a Bcur,'. 
90 ; on the Paeide tideti, lOO’ 

! HiUebrand cited, 2M ‘f».. ' . ' 

< Himalayan observatione, Hiddr 
Bumm's, 18 n. 

Himalayas, Eocene fossils in 
the, 2 ; sedimentairy origin of 
the, 58, 60; variations of tem> 
perature in the, 207 
Hinde, Dr., quoted, 9n.; on New 
South Wales Badiolariau rocks, 
802 

Hise, Van, on inineralogical trans- 
fonnations, 28«.; on clcavable 
elates and schists, 226 n. 

Hoesen, Dr. H. J. von, cited, 
262 n. 

Holland's, Plnlip, collaboration in 
work on slaty-cleavage, 218 
Hopkinson, Dr. John, cited, 25, 
26 

» Howorth, Sir Henry, cited, 6 
'•Huddleston, W. H., on Atlantic 
^ib-oceanic contours. 80 
Hml, Professor, on sub-oceanic 
contours, 81 

Humphreys and Abbot estimate 
Mississippi sedimentatioji, 260 
Hunt’s, Stevry, estimate of sus- 
pended matter in St..Liawi'ence 
water, 264 • 

Hutchings’, Maynard, microscopi- 
cal work on slaffe structure, 218 
Hutton cited, 48 

lluttonian theory of denudation, 
257 

Hypothesis, working, necessary in 
siuentific investigation, 32.S 


loK Agk rocks in Wales, 60 
‘ Ice ramparts’ of Wisconsin, 
effect of temperattire changes 
on, 208 

Iceland, changes of level in, 8 ; 
^formerly joined to Britain, 70; 
snbmarine coastal margin, 102 
Iddings, Prexfessor, on volcanic 
eruptions, 21, 22 

Igneous and sedimentary rocks, 
relative spcciOc gravities, 48 
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Xgai$0ti« pragma ^ the ewth, 96 : 

elaty-diMV^'at, iS4l' 
Inoltm Otfean, in ijhe, 

.67 i' of de|vWi 88 

Xhterehengee of mineral matter, 
W . 

Interpenetration of metals, 18, 19 
Ireland, raised beaches in, 8 
Ireland, South of, Old Red Sand- 
' • stone of the, 2128 
Iron, melting-point of, lowered 
by carbon, 28 

Irregularities of spheroid due to 
variations in specific gravity, 82 
Irvine, raised beach at, 3 
Isle of Man, raised beach in. If 
Isostncy, failure of, to explain 
oscillations of level, 10 


Jack, H. Jj., on the earth’s tem- 
perature, 328 

Japan, denudation efiects in, 113 
Java, denudation in, 118 
Jeffreys, Owyn, on inequalities dt 
ocean bottom, 285 ^ 

.Judd cited, 21 d 

Jukes, Becte, cited, 324; ofl the 
Carboniferous shale of the South 
of Ireland, 232, 237 n. 
Jukos-Brown and Harrison cited, 
73 n. 

J ulien, .Ailexis A., on rock-solvents, 
270 w. 


Katzer’s, Du., analysis of Ama- 
zons water, 268 n. 

Kelvin, Dord, cited, 37 
King’s, Dr. William, theory of 
slaty-cleavage, 222 
Kolguev, evidence of elevation, 6 
Kyle’s, Juan *.!. J., analysis of 
La Plata Water, 2(52 


Labrador, coast inovements in, 6 
liafayette formation, the, 96 n., _98 
Lakes, Great, of North America 
affected by vertical land move- 
ments, 4 • 

Land aress, denudation of, 42 , 
Land areas, growth of, governed 
by laws of development, 76 


•, Ihiia 4 ^ 

Land jueeaA,' ne^ .conhe^d '^th 
mountaih upheaval, 96' .< 

Land and water, preaervation of 
relative proportions of, 16 
Land and ocean surface, relative 
extent of, 118 

Land conditions, permanence due 
to vastness of masses affected, 
45 

Land, dry and submerged, alter- 
nating conditions of, 307 ' 

Land, sub-aerial denudation of, 
49 

La Plata water, suspended matter 
in, 263 

Lapworth, Professor, cited, 157 
Laramie rocks of North America, 

• 62“* 

Larne, raised beach at, 3 
Lateral pressure, effect of, on 
slaty-cleavage, 247 
Laurentian rocks, extent of, 277 
Lava, variation in character of, 21 
Lawson, Dr. ^A. C., cited, 56 n . ; 
on .Californian coast-move- 
ments, *8 n . ; on Pliocene sedi- 
ments in California, 71 n. 

Lead, zinc, and iron sheets, effects 
of heating, 132 

Leeward Islands, geological cha- 
ractoristicH of, lOO 
Lena, delta of the, 110 
Level, causes of change of, 16 
Level, changes of, in Iceland, 8 
Lias, the, of Yorkshire, 62 
Libbey Deep, the, 84, 117 
Tjithological evolution, 61 
Lithosphere, the, 85 
LiverpooL Geological Society, 
presidential address to, 255, 283 
Uving Torces in earth’s interior, 
28 

Ijocss region recently elevated,,^ 
Loomis’s rainfall maja^ of the 
• world, 264 i 

Lyell cited, 11 «... 48^ criticism of 
Hutton and Playfair, 258 


McCoNNKLii, It. C., on tire struc- 
ture of the Rocky Mountains, 
196, 197, 198 



386 


EVOLUTION OF EARTH STRUCTURE 


MacCulloch’s theory of slaty- ; Milno Edwards on pumice do- 
cleavage, 222 , 

McGee, W. J ., cited, 74 /i. ; on | Mmeralogical transformations, 
the heating of sediments, 57 ; j Van Hisc on, 2H n. 
on the North American coast ' Minerals affected by temperatnro, 
deposits, 95 ; on the Columbia i 19 m. 

formation, 96; on the rate of Miocene rocks, 69; in the IVris- 
deposition of sediment, 105 n. , sissippi Valley, 71 
McLeod on the discharge of the Mississippi, age of the, 71 ; water, 
St. Lawrence, 266 n. analysis of, 260 

McMahon, Lieut.-General, on the Mississippi Valley, Cretaceous and 
effect of temperature on mine- Tertiary rocks in the, 71 
rals, 19 n. Mobility of earth’s crust, 7 

Madramma slate, 231; mineral Moissan’s manufacture of dia- 
eomposition of, 242 i inonds, 27 

Magma, igneous, of the earth, , Molecular change in cooling steel, 
86 j 24 n. 

Malay Archipelago, denudation Monona, Lake, effec^ts of tempera- 
effects in, 118 , ture on ice at, 208 

Mammoth remains, American, 66’ Montello granite, 225 n. 

Man, Isle of, raised beach in, 8 Moore’s, C.,nTOthod of determining 

Manchuria, Professor. C. F. roek porosity, 248 
Wright’s observatidhs in, 112 Moreton Bay, ocean bottom of,* 86 
Marcou’s, Jules, geological map, . Mosaic account of the Creation, 47 
54, 280 ^ I lloser Basin, greatest known 

Marine Foraminifera’, 821 | \pcean depth, 120 

Marine fossils lifted high above ' MdhK'e force, volcanic, 33 

sea level, 1 * ' Mountain-building, causes of, 39 

Marine nummulitic beds in the Mountain chains, continents out- 
Himalayas, 199 lined by, 41 ; growth of, 42 ; 

Marine terraces above sea level, . sedimentary origin of, 58 

129, 808, 310 1 Mountain-folding, Stefani’s views 

Marr, J. E., cited, 324 | on, 192 • ^ 

Martins, von, estimates the volume Movements, varied, of older rooks, 

of the Amazons, 267 n. 2 

Matter, three dimensions of, 151 ; Muds, T^mdall’s views of shearing 

Measurement and proportion, ; effects on, 224 

value of, in geology, 275 j Multilateral pressure, 190 

Mechanical abrasion of coasts, 49 Murray’s, Sir John, bathymetrical 
Mechanical theory of the oi-igin chart, 120 n. ; estimate of mean 
of slaty-cleavage, 2?3 ; Sorby ' height of contirfcnls, 124 
on, 221 n. 

Mendenhall on recent Alaskan « • 

submergence, 5 n. . Nanskn’s, Dr., views of vortical 

^T^reed' series in (’alifornia, 71 w. movements in Greenland, 107. 
Mesozoi'fr -ocks, .54 on Arctic sea-water, 109 ; ob- 

Meteoric action, effect of, 49 servations in the Kara Sea, 

Mexico, Gulf of, submarine con- 111 ; on the depth of the 

tours in the, 99 P,olar Sea, 122 

Micaceous and chloritic minerals Newfoundland, coast movements 
always kssociated with slaty- *’ in, 6 ; Great Hank of, 102 
cleavage, 219 New Guinea, denudation effects 

Middlemiss, C. S., cited, 199 in, 118 

Milne, John, cited, 37 . Niagara, flow of the, 266 n. 
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Nicholson, Trofessor H. Allevno, 
cited, ;J06 

Nickel, effect of, on steel, 26 

Nile, the, subject to seasonal 
variations, 261 

Nordenskibld, Baron, on Arctic 
Sea contours, 109 ; voyage in 
the Vega, 110 

Normal faulting posterior to fold- 
ing, 137 

Nortli America, mean height above 
sea level, 124 

North Atlantic submarine con- 
tours, 82 

North Atlantic Basin, the, 121, 
124 

Norway, elevated marine terraces 
in, 6 ; fossil mollusca in, 9 ; 
Edmund Dickson on raised 
beaches in, 319 

Norwegian North Sea Expedition, 
2»4n. 

Nova Scotia coast, evidences of 
subsidence on, 106 

Novaya Zemlya, raised beaches, a^ 
6 ; vertical land movements' w 
107 ^ 

Nucleus of the earth, so-crflled, 
86 ; true, 37 

Numraulitic beds in the Hima- 
layas, 199 


Oak, ^^nglish, strength of, com- 
pared with slate, 225 n. 

Obsidian, 70 * 

Ocean area greatly exceeds that 
of land, 118, 309 

Ocean basins not the result of 
faulting, 126 ; their relations 
with bordering continents, 119 

Ocean bottom, recent date of 
knowledge ofj 78 

Ocean currcifts, Stallibrass on, 
80 

Ocean * deeps,' 38, 126 ; cause of, 
310 

Ocean floor subject to oscillations 
of level, 128 * 

Oceans are depressions beneath 
the spheroid, 119; affected by 
land movements, 89 ; joined to 
continents by a sub-aqueous 
terrace, 98 


Old Red Sandstone of the South 
of Ireland, 228 

Oldham, Dr. 11. D., on marine 
beds in the Himalayas 199 
Ontario, Lake, proof of subsidence, 

I Oolite rooks of Scotland, 62 
' Oozes, calcareous, conceal sedi- 
I mentary deposits, 95 
I Ordovician schists of the Green 
i Mountain region, 152 n. 
j Origin of mountain ranges, theorv 
' of the, 181 

; Oscillation of land surface, ancient 
knowledge of, 1 
Osmond on recalescence, 28 
Overfold, spiral domical^ experi- 
ment on, 188 

Overtbpists, F. A. Stcart oni 
* 165 n. 


Pacific^ dee^-sea soundings in the* 
78 «. 

Pacific tides, Robert T. Hill on 
the, 100 ■ . 

Palmer Archipelago a submerged 
region, 7 

Panama Bay, Robert T. Hill on, 
99 

I Para and Amazons compared by 
I Bates, 269 

I Parana water. Dr. Frankland’a 
i analysis of, 262 
1 Parsholl, H. F., cited, 27 
* Paul, John I)., on the effects of 
solar heat, 204 

Peake, R. E., on North Atlantic 
soundings, 64, 85, 128 

Pclcc, Mont, suggested cause of 
eruptionfof, 83 

Periods, geological, 47, 48 <• 

* Permanence,* meaning of the 
{ term, 304 

1 Permanence of geographic., 
i 45 ^ 

! ]N)rmanence of oceanv and con- 
' tinents, hypothesis of, 278 
' Peryfanent expansion by differ- 
ential heating, 182 

^Persistence of characteristics of 
the Carboniferous formation, 
61 

' Persistency of drainage lines, 05 
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Philippines, the, denudation and 
deposition in, IIB, 114 ; Pleisto- 
cene variations of level in the, 
114 ; submarine clifb ot the, 

. lie . 

Phillips, Professor John, cited, 
2SS8 ; his calculation of Ganges 
sediment, 256 

Phyllades, Henard’s analysis of, 
242 

Pitman, Professor E* F., on New 
South Wales Palfeozoic Radio- 
larian rocks, 801 

Plagioclinal mountains, experi- 
ment to explain, 178 
Playfair cited, 188 
Pliocene aeiUments in California, 
Dr. Andrew Lawson on, 71 w. 
Polar Ocean a deep-sea*.^ basin, 
107 ; Dr. Nansen on the depth 
of the, 122 

Porcupine soundings^ 274, 284, 
294 /f. 

Porosities of slates and sandstones, 
248, 244, 245 ^ 

Portland cement, .effect of solar 
heat on, 205 • 

Pressure, centripetal, 448; heal 
expansion, internal and equable, 
158 ; striking effect of lateral, 
on slaty cleavage, 247 
Pribilof Islands, mammoth re- 
mains on, 56 

Prominences, continental, not 
due to faulting, 126 
Pumice deposits, 298 
Putnam, Ct. K., cited, 13 ??• 
l^yrcnees, FiOcene fossils in the, 2 

Quantitative relationship of 
injUter, importance of know- 
ledge of, 92 
Quartz grains, 241 

deposits in the Mis- 
sissippi* Valley, 72 

\ 

Kadiai. foldinfir, experiment iu^ 188 
Itadiolarian cherts, 814 *’ . 

Radiolarian rocks in New South ' 
Walts, 802 

Bain and rivers, effect of, on land, . 


Bain, denudation bj, at St. Kitts, 
101 

Baised beaches. 41. 66. 818, 819 ; 
in the , British 8.; at 

Celebes, 116. > • • 

Bamsayt 4^^ 

66*1^69' ■■ ‘‘■'■’A '.s' 

Beade end ;^ei^UlQd> 
date sfametnv^ M8.' 

Beade% M. IMbsaven. iithdds ^ 
deve)o|>alde surfaeem 166 
, Beasoh, Dr., on earth movmnents 
I in Iceland. 8 

I Beoalescence, 28. 24; Sir W. C. 

> BobertS'Austen on. 24 n. 

! Record of the rocks murallels the 
Mosaic narrative, 47 
^ Bed Clay deposits, 280 
i Regional oscillations of earth’s 
surface, 1 

Regional uplifts, eimneous theory 
as to absence of, 128 
, Relationship between mountain 
I ranges and new hind areas, .'>•8 ; 

V between subsiilence, sedimenta- 
tion, and subsequent upheaval. 

Bel^ivc extent of ocean and land 
! surface, 118 

Relative proportions of land and 
water, preservation of, 1.5 
Benard’s analysis of a Belgian 
phyllode, 242 • 

Rhodes, Benjamin, on the flow of 
the Niagara, 260 n. 

Richardson on rScent Alaskan 
submergence, 5n. 

Biclithofon cited, 21 
Rigidity of earth due to gmvita- 
tionai pressure, 87 
: River-beds, depression of level of, 
84 

River-beds, submarine, 41, 66, .808 
River-channels, buried, British, 2 
River courses generally of Tertiary 
origin, 9.5 

River valleys, drowned, 8, 129 
Rivers, sediment-bearing, of Asia, 

Roberts 'Austen, Sir W. C., quoted, 
24 n. ; expuriraents on inter- 
( penetration of metals, 18, 19 
Rock disintegration by chemical 
action, 50 



INDEX 


339 


Book-folding and marine fosails, 1 
Bock-folding, Cadell’s and Willis’s 
experiments on the principles 
of, 146 

BcK«-formations, older, varied 
' movements Qf;.2 
Book fraetnres due to eontracriOn, 
197 

Books, eflisats of atmospheric 
tmuperature on, 207 
B<wky Mountains, raised beaches 
in, 4; sedimentary origin of, 
58 

Bttcker, Professor, on interpene- 
tration, 18 

Budler, P. W., on experimeittal 
geology, 327 

Bum, Miocene rocks of, 69 
Bussell, Israel, cited, 55 n., 108 n., 
262 n., 824 ; observations in 

Alaska, 5 ; on North American 
subsidence, 107 ; on the dome 
form in mountain uplifts, 826 


Kt. Kitts, denudation by rain aa; 

101 r 

St. Lawrence water, analysis of, 
265 

Salt vats, precipitation of muddy 
impurities in, 278 n. 

Saltvillo fault, 194 
San Clemente, fluctuations of 
levSl in, 56 n. 

Sandstones and slates, common 
sedimentary origin of, 241 
Santa Bosa, mammoth remains 
on, 56 

Sargassnm Sea, pumice deposits in 
the, 298 

Sars, Professor, •on Arctic ocean 
depression, 294 
Sawback Bange, the, 196* 
Scharffs, Dr.* R. P’., theory of 
land connection between Europe 
and America, 817 ^ 
Schermerhorn’s statistics of the 
Great Lakes, 266 n. 

Schlei, Dr., on Arctic geology, 826 , 
Scotland, Oolite rocks of, o2, i 
69 ; Silurian gnetes in, 69 I 

Scrope quoted, 20 • j 

Sea-TOttom deposits, Stallibrass 
on, 79 


Sea- water hastens precipitation of 
turbid fresh water, 268 
Sedgwick’s theory of cleavage, 
220 

Sedimentary bede, 42 
Sedim^tory imd'ign^us i:^ka» 

' . rriatiye speo^ gravities, 4li9 . 
Sedlirientary matter, dcposHfbii . 
; of; 49; BuM^^nan 2^ * ' 
in Asia, 118’ 

Sedimentary origin of mountrin 
ranges, 5& 

Sedimentation and dynamiemove- . 

ments, connection between, 197 
Sedimentation and land making, 
49 

Sediments of existing seas, 69; 
still accumulating on the ocean 
floor, 72 

Shearing, spiral, experiments in, 
185, 187 

Shrinking, differential, of the 
^ spheroid,, theory regarding, 127 
Siberian continental shelf, 108 
Sigsbee Deep,^he, 84, 117, 816 
Silica predominates in grits, 241 
Siliceous rocks and atmospheric 
agencies, 261 n. 

Silurian gneiss in Scotland, 69 
Skye, Miocene rocks of, 60 
Slates and grits, differences be- 
tween, 241 

Slaty-cleavage a parallel structure, 
217 ; later than folding, 220; 
always accompanied by mineral 
changes, 228 

Sorby on the microscopic structure 
{ of slate, 221 

Soundings, ocean, 52, 78, 89, 94, 
99, 117-128, 272 n., 276 n., 281, 
284, 28^288, 298, 294 
South America, mean height i^bove 
sea le^el, 124 

South Atlantic, area of, 279 
South Georgia, 278, 818 
Specific gravity of eart.V'g'"cru8t, 

• variations in, 18 ; affect of, on 
earth’s form, 82; 'varies with 
changes of temperature, 82^ 
Spefbeer, Professor J. W., cited, 

• 8, 8, 117 ; on the gbology- of 
the Leeward' Islands, 100 ; on 
North American earth move- 
ments, 288 w; 
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Spiral^ foldinpr and shearing, ex* | 
periinent in, 180 

Spiral shearing, 194 

Spitsbergen, raised beaches at, 6; 
vertical land movements at, 
107 

Stability of conditions indicated 
by depth of sediments, 58 

Stafifa, Miocene rocks of, 60 

Stallibi’ass on sea-bottem deposits, 
79 

Steart, A., on overthmsts at 
Braysdown Colliery, 166 n. 

Steel, luulecalar change in 
cooling, 24 n. 

Steel rails, effect of hot breather 
on, 208 

Stefani's sections of the Apuan 
Alps, 64; his views on moun- 
tain folding, 192 

Stevenson on the faults in Vir- 


Sub-oceanic and land forms, dis- 
tinction between, 117 

Subsidence in Britain, evidences 
of, 3 

Subsidence and upheaval, parallel 
evidences of, 7 

Subsidence, sedimentation, and 
subsequent upheaval, 68 

Subsidences, recent, in Northern 
and Central Asia, 112 

Suess on the earth’s sea-level, 
40 n . ; on the structure of the 
earth’s crust, 211 ; on the age 
of oceans, 306 

Sumatra, denudation effects in, 
•118 

Sun’s rays, effect of, on terra cotta, 
132 

Surface erosion, Quaternary, 72 


ginia, 196 

Strachan, C, B., on effects of 
atmospheric heat, 202 
Strahan cited, 319 
Strata. geological7 fossil contents 
of, 47 

Strata-plate, 144 * 

Stress conveyance, limited dis- 
tance of, through earth’s crust, 
162 

Stresses in earih’s interior, 
equality of, 14 

Street paving, effect of atmo- 
spheric temperature on, 202 
Strike faults, 137 
Sub-aerial agencies, effect of, 80 
Sub-aerial denudation, 49 ; con- 
tinental borders formed by, 
44 

Sub-aqueous terraces^ surround- 
ing continental land, 89, 98 ; 
growth of, 108 ' 

Snbmarinecliffsin the Philippines, 

contours in the Gulf 
of Me»to, 99 
SubmarineViver-beds, 41 
Submerged forests, British, 2, 320; 

at Celebes, 116 * 

Submerged surface features con, 
cealed by terrigenous deposits, 
98 

Submerged valleys, 308, 


i Tanokntial creep, effect of, 46 
Tate’s, Norman, analysis of- St. 

Lawrence water, 266 
iTeoll on the ‘ dry weathering * of 
V rocks, 208 

l«ilograph cables, deep-sea, 284 
Temperature, variations of, 16 
Temperature of the earth, 86 
Temperature, effects of, U. le 
Chatelier on, 24 ; effects of, on 
specific gravity, 82 
j Terra-cotta, permanent expansion 
. of, by differential heatirib, 132, 

I 204 

I Terraces, marine, dbove sea level, 
129 ; I’aised, at Cebu, 114 
; Terrigenous deposits, 61, 62 ; 

effect of, 98 
Tertiary deposits, 289 
Tertiary rooks, 64 hgtj,; in North 
America, 62, 71 

Thermal conditions, fluctuations 
of, 88 

Thibet, Eocene fossils in, 2 
Thoulet Deep, the, 84, 117, 816 
Tidal currents, J. Y. Buchanan 
on, 80 

Tides, Pacific, Robert T. Hill on 
the, 100 

Time, potency«of, 161 ; as a factor 

. in geology, 296 

Torse, the, a developable surface, 

166 N. 
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Torsion structure, 167 
Transfer of ocean waters, effect 
of, 40 

Transference of material, mis- 
taken views regarding, 11 
Trebizond, raised terraces at, 112 
Trias, British and North Ameri- 
can, common characteristics, 62 
Tumefaction, continents sustained 
by force of, 14 n. 

Tundra, composition of the, 108 
Turkestan, Professor Wright’s 
observations in, 7 
Turko-Persian mountains, sedi- 
mentary origin of the, 56, 60 
Tuacarora, soundings of the, *86, 
110 

Tyler’s, A., calculation of river 
sedimentation, 256 
Tyndall’s opinions on slaty- 
cleavage, 222, 224 


Uinta Mountains of Cretacea 
origin, 71 

Uniformitarian theory, the, 68. 
United States Coast Siurveyi|^, f 
United States Fish Commission, 
61, 78 98, 281, 284 

Upheaval and subsidence, paral- 


lel evidences of, 7 
Upheaval by lateral pressure, 57 



Urals, sedimwtary origin of the, 
58 


Uriconinn rock structure, experi- 
ment to demonstrate, 178 


Varanokr Fjord, elevated marine 
terraces at, 6 • 

Variation of leraperature in the 
Himalayas, 207 
Vega, voyage of the, 110 
Vegetable matter in sedimentaiy 
deposits, 52, 94 
Velenhelli slate, 225 n. 

Verrill, Professor A. E., on the 
composition of the Gulf Stream 
Slope, 272 n. ; on North Atlantic 
soundings, iSBl, 287 ; on Gulf 
Stream deposits, 298 


Vertical land movements in the 
British Islands, 2 
Vertical lifting of earth’s crust, 
miscalculation of, 181 
I Vienna Academy of Sciences 
expedition, 816 
Virgin Islands Deep, the, 121 
Virginia, faulting in, 194 
Volcanic activity, American, 
effect of, 75 

Volcanic area, American, 72 
Volcanic motive force, 88 
Volcanic rocks of Eigg, Sir A. 
' Geikie on the, 70 
Volcanoes, evidence of, 17, 21 ; 

phenomena of, 28 
Volume, change of, with change 
I of conditions, 25 


Wadsworth, M. E., cited, 261 n. 
Wales, Ice Age rocks in, 50 
Wallace oi^he Malay Archipelago, 
114 ; on the permanence of laud 
areas, 305 

Warren, Gene^l G. F., on North 
Ameijcan earth movements, 
288 • 

Water and air, effect of, on rook 
formations, 186 
Waters, ocean, affected by earth 
movements, 89 
Weathering of rocks, 50 
West African Basin, the, 121 
West Indies, evidence of former 
connection with South America, 
55 ; coral formations and fora- 
miniferal deposits in the, 73 
West Indies Deep, the, 121 
Wild’s, John James, bathy- 
metrical charts, 120 n. 

Willis, Bailey, cited, 51 n . ; experi- 
ments*on the principles of rock- 
folding, 146; on compression- 
effects, 152 n. 

Winchell, N. H., cited, 

Winnipeg Lake, form^ drainage 
of, 288 / 

Wisconsin building-stones, trans- 
verse strength of, 226 n. 
sWisconsin, effect of tefhperatnrc 
changes on ice in, 208 . ** 

, Woodward, Dr. H., on Antarctic 
subsidence, 825 
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Woolhope Dome, the, 198 n. 
'Wrekin, plagioclinsl structure of 
the, 174 

'Wright, Professor G. F., quoted, 
7 ; on siibsidenoes in Northern 
and Central Asia, 112 


Ykli:.ow Sea, sedimentary phe- 
nomenon, 118 ^ 

Yorkshire, the Lias of, 62 
Yukon, delta of the, lOtt 

ZiTTKZ,, Von, cited, 199 n. 
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to the study of Physical Science. Designed for the Use of Schools, and of 
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a\N ELEMENTARY TREATISE ON THE DIFFERENTIAL 
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METRY. By John Casey, LL.D., F.R.S. , late Fellow of the Royal University 
of Ireland. With numerous Examples and Questions for Examination. lamo., 
3 ^- 

PLANE TRT(;0N0MP:TRY. Containing the more 

advanced Propositions, Solution of Problems and a complete Summary of For- 
mulae, Bookwork, etc., together with recent Examination Papers for the Anny, 
Woolwich, etc. With Answers. By the Rev. A. Dawson Ct.arkk, M.A., St. 
John’s College, Cambridge. Crown 8vo., 5^. 

GOOD IV/JV.— Works by H. B. GOODWIN, M.A. 

PF.ANE AND SPHERICAL TRI(?ir.)NOMETRY. In Three 

Parts, comprising those portions of the subjects, iheorc'tical and practical, 
which are required in the Final Examination for Rank of Lieutenant at 
Greenwich. 8vo., 8.v. 6r/. 
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Jfart II. With 479 Illustrations, gs. net. 

Part III. Materials. With 188 Illustrations, i8f. net. 

Part IV. Calculations for Building.* Structures. With 551 

Illustrations, ly. net, 

ELECTRICITY AND MAGNETISM. 

ARRHENIUS.~A 'REXT-BOOK *OF ELECTROCHEMIS- 

TRY. By Svante Arrhenius, Professor at the University of Stockholm. 
Translated from the German Edition by John McCrae, Ph.D. With 58 
Illustrations. 8vo., 9^. 6d. net. 

ELECTRO DYNAMICS : the Direct- 
^ Current Motor. By Charles Ashi.ey Carus-Wilson, M.A. Cantab. With 
71 Diagrams, and a Series of Problems, with Answers. Crown 8vo., yj. 6rf. 

ELECTRICITY TREATED EXPERIMEN- 

TALLY. ByLiNNiEUsCuMMiNG, M.A. With 243 Illustrations. Cr. 8 vo.,4J.6</. 

K— EXERCISES IN ELECTRICAL AND MAGNETIC 

MEASUREMENTS, with Answers. By R. E. Day. lamo., y. 6d. 

FITZGERALD.— \'HE SCIENTIFIC WRITINGS OF THE 

LATE GEORGE FRANCIS FITZGERALD, Sc.D., F.R.S., F.R.S.E., 
Fellow />f Trinity College, Dublin. Collected and Edited, with An Historical 
Introduction, by J(>SEPH Lakmuk, SeaR.S., Fellow of Sl John’s College, 
Cambridge. With Portrait. 8va, ly. 

THE ART OF ELECTRO-METALLURGY, including 

.all known Processes of Electro-Deposition. By G. Gore, LL.D., F.R.S. With 
56 Illustrations, Fcp. 8vo., fts. 

WorksbyJOHNHENl)ERSON,D.Sc.,F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 
. 159 Illustrations and Diagramtb Crown 8vo., dr. dd. 

PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 

TRICITY. Crown 8vo., w. 
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ELECTRICITY AND tHIAGNETISIU-CifMMmef/. 

ELECTRICITY AND MAGNETISM. By Fleeming 

Jenkin, F.R.S., M.I.C.E, With 177 Illustrations. Fcp. 8vo., y, 6 d. 

ELEMENT ARY TREATISE ON ELECTRICITY 

AND MAGNETISM. By G. Carey Foster, F.K.S., Fellow and Kmcritus 
Professor of Physics in University College, Condon; and Alfred W. Porter, 
Fellow and Assistant Professor of Physics in University College, London. 
Founded on Joubkrt’s ‘Traits Kl^inentah^ d’Kleciricit< 5 Second Edition. 
With 374 Illustrations and Diagrams. 8vo. . io.l tii. net. 

EXAMPLES IN PLI.ECTRICAL ENGINEERING. 

By Samukl. Joyce, A.I.E.E. Crown 8vo., 51, 

MACLEAN AND MARCHANT.—VA.'^yi^.^'XNSN QUIiS- 

TIONS IN ELECTRICITY AND MAGNETISM. With Answers. Com- 
piled by Magnus Maci.ran, D.Sc., M.I.E.E., and K. W. Mahchant, D.Sc., 
A.I.KE. Crown 8vo., u. 

MERRIE/ELI?.— MAGNETISM AND DEVIATION OF I HE 

COMPASS. By John Merrifielu, LL.D., F.R..'\.S., i8nio.. at. 6rf. • 

PRACTICAL ELECTRICAL TESTING IN PHYSICS 

AND ELECTRICAL ENGINEERING. By G. D. AsfiNALL Pakr, Assoc. 
M.I.E.E. With 231 Illustrations. 8vo.’, 8r. 6rf. 

POYSEE.— Works hy A. W. POYSER, M.A. 

MAGNETISM AND.ftLECTRICITT". With 235 Illustrations. 

Crown 8vo. , 2s, 6 d, 

ADVANCED ELE^RICITY AND MAGNETISM. With 

317 Illustrations, CiWri 8vo., 4J. 6 d, 

/^IfODjES.—AN El.EMENTARY TREA'JISE ON AJ/J'ER- 

NA'riNG CURRENTS, By W. G. Rhodes. M.Sc. (Viet.). Conittiting 
Engineer. With 8o Diagrams. 8vo., yj. 6 (f, net, 

SLJNGO AND BROOKER.~W orks by W. SLINGO and A. 
BROOKER. 

ELECTRICAL ENGINEERING FOR ELECTRIC LIGH'l 

ARTISANS AND STUDENTS. With 383 Illustrations. Crown 8vo., 12^. 

PROBLEMS AND. SOLUTIONS IN ELEflENTARY 

ELECTRICITY AND MAGNETISM. With 98 lUustraiions. Cr. 8vo, , 2j. 

TYNDALL.— Work s by J OHN T YN DALU D.C. L.,F. R,S. See p.36. 



' TELEGRAPHY AND THE TELEPHONE. 

HOPKINS. — TELEPHONE LINFIS AND THEIR PRO- 

PERTIES. * By William J. Hopkins, Profe.ssor of Physics in the Drexel 
Institute, Philadelphi^i. Crown^^yo., 6 s, 

PREECE AND SIVEWRIGHT.^^TEEEGtEAVAY. By Sir W. 

H. Pkbrc£, K.C.B., P'.R.S., V.P.Jnst., C.E., etc., Consulting Engineer and 
Electrician, Post Office Telegraphs ; and Sir J. Sivkwkight, K.C.M.G. , General 
Manager, South African Telegraphs. With 267 Illustrations. Fcp. 8vo., 6 s, 
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ENGINEERING, STRENGTH OF MATERIALS, ETC. 

ANDERSON. —'XW. STRENGTH OF MATERIALS AND 

STRUCTURES : the Strength of Materials as depending on their Quality and 
as ascertained by Testing Apparatus. By Sir J. Anderson, C.E., LL.D., 
F.R.S.E. With 66 Illustrations. Fcp. 8vo., yi. 6d, 

K— RAILWAY APPLIANCES: a Description of Details 

of Railway Construction subsequent to the completion of the Earthworks and 
Structures. By Sir John Wolfe Barry, K.C.B., F.R.S., M.l.C.E* With 
218 Illustrations. Fcp. 8vo., 4s, 6d. 

DJPLOCK.-^K NEW SYSTEM OF HEAVY GOODS TRANS- 
PORT ON COMMON ROADS. By Braham Joseph Diplock. With 
37 Illustrations. 8vo. 

MECHANICS APPLIED TO. .ENGINEERING. 

By John Goodman, Wh.Sch., A.M.I.C.E., M.I.M.E., Professor of Engineering 
• in the Yorkshire College, Leeds (Victoria University). With 620 Illustrations 
and numerous Examples. Crown 8vo., js, 6d. net. 

LOW. — A POCKET-BOOK FOR MECHANICAL EN- 
GINEERS. By David Allan I^w (Whitworth. Scholar), M.I.Mecb.B., 
Professor of Engineering, East Ixindon Technical "College (People’s Palace), 
I^ndon. With over 1000 specially prepared Illustrations. Fcp. 8vo. , gplt edges, 
rounded corners, js. 6d. • • 

PARKINSON— LIQWV RAILWAY CONSTRUCTION. By 
Richard Marion Parkinson, Assoc.M.IijSt.C.E. With 85 Diagrams. 
8vo., 10s. 6d. net. 

SMJUrJl. — GRAPHICS, or the Art of Calculation by Drawing 

Lines, applied especially to Mechanical Engineering. By Robert H. Smith, 
Professor# of Engineering, Mason College, Birmingham. Part I. With 
separate Atlas of 29 Plates containing 97 Diagrams. 8vo., 155. 

STONE Y.—'XmS, THEORY OF STRESSES IN GIRDERS 

AND SIMILAR STRUCTURES; with Practical Observations on the 
Strength and other Properties of Materials. By Bindon B. Stoney, LL.D., 
F.R.S., M.I.*C.E. With 5 Plates and 143 Illust. in the Text. Royal 8vo., 3fir. 

UNWIN— YXiE TESTING OF MATERIALS OF CONSTRUC- 

TION. X Xext-book for the Engineering Laboratory and a Collection of the 
Results of Experiment. By W. Cawthorne Unwin, F.R.S., B.Sa With 5 
Plates and 188 Illustrations and Diagrams. 8vo. , i&r. net. 

ENGINEERING CONSTRUCTION IN IRON, 

STEEL, AND TIMBER. By WiLLiAiij^ Henry Warren,* Challis Professor 
of Civil and Mechanical Engineering, University of Sydnqr. With 13 Folding 
Plates and 375 Diagrams. Royal 8 to. , i6r. net. . 

WNEELER.—TBE SEA COAST: Destruction, Littoral Drift, 

Protection. By W. H. Wheeler, M.Inst. C.E. With 38 Illustrations and 
Diagram. Medium 8vo., xor. 6d. net. 
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LONGMANS’ CIVIL ENGINEERING SERIES.* 

CIVIL ENGINEP:RING as APPIJEI) TO CONSTRUCTION. 

By Levkson Francis Vicrnon-Harcourt, M.A.. M.Inst.CE. With, 368 
Illustrations. Medium 8vo., 14.^. net. 

Contents. — Materials, Preliminary Works, Foundations and Roads — Railway Bridge and 
Tunnel Engineering— River and Canal Engineering— Irrigation Works— Dock Works and 
Maritime Engineering — Sanitary Engineering. 

NOTES ON DOCKS AND DOCK CONS'PRUCTION. By C. 

Colson, C.B., M. Inst, C.E. With 365 Illustrations. Medium 8vo., 21 j. net. 

CALCULATIONS IN HYDRAULIC ENGINEERING : a 

Practical Text-Book for the use of Students, braughtsmen and Engineers. By 
T. Claxton Fidler, M.Inst.C.E. 

Part I. Fluid Pressure and the Calculation of its Effects in En- 

gineering Structures. With numerous Illustns. and Examples. 8vo.,6j. 6aL net. 

Part II. Calculations in Hydro- Kinetics. With numerous Illus- 

trations and Examples. 8vo., 71. td. net. ^ 

RAILWAY CONSTRUCTION. By W. H. Mills, M.LC.E., 

Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illus- 
trations and Diagrams. 8vo., i8.r. net. 

PRINCIPLES AND PRACTICE Of HARBOUR CON- 
STRUCTION. By William Shield, F.R.S.E., M.Inst.C.E. With 97 Illus- 
trations. Medium 8vo. , 15^. net. 

TIDAL RIVERS: their (i) Hydraulics, (2) Improvement, (3) 

Navigation. By W. H. Wheeler, M.Inst.C.E. With 75 Illustrations. 
Medium 8vo., i6i. net. « 


MACHINE DRAWING AND DESIGN. 

LOW . — Works by DAVID ALLAN LOW, Professor of Engineer- 
ing, East Ix>ndon Technical College (People’s Palace). 

IMPROVED DRAWING SCALES. net in case. 

• • > 

AN INTRODUCTION TO MACHINE DRAWING AND 

D&SION. With 153 Illdlitrations and Diagram. . Crown 8ro, as. 6 d. 
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Law AifD BEVIS.—k MANUAL OF MACHINE DRAWING 

AND DESIGN. By David Allan Low and Alfred William Bevis 
M.I.M(ich.*E. With 700 Illustrations. 8vo., yj. 

UNWJN.—HYl^ ELEMENTS OF MACHINE DESIGN. By 

W. Cawthorne Unwin, F.R.li^ . 

Part I. ’General Principles, Fastenings, and Transmissive 

Machinery. With 345 Diagrams, etc. 8vo., yr. 6,/. 

Part II. Chiefly on Engine Details. With 259 Illustrations. 

Fcp. 8va, 6 s, 
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NAVAL ARCHITECTURE. 

ATT wool?.— TEXT-BOOK OF THEORETICAL NAVAL 

ARCHITECTURE : a Manual for Students of Science Classes and Draughts- 
men Engaged in Shipbuilders' and Naval Architects’ Drawing Offices. By 
Edward Lewis Attwood, Assistant Constructor, Royal Navy. With T14 
Diagrams. Crown 8vo., 7s. 6d, 

IVATSOJV.— NAY Ah ARCHITECTURE : A Manual of Laying- 

off Iron, Steel and Composite Vessels. By Thomas H. Watson, Lecturer on 
Naval Architecture at the Durham College of Science, Newcastle-upon-Tyne. 
With numerous Illustrations. Royal 8vo.. net. 

WORKSHOP ALLIANCES, ETC. 

pron TUCOTT— hATKES AND THRIVING, Simple, Mecha- 

nical and Ornamental. By W. H. Northcott. With 338 Illustrations. 8vo. ,i8j. 

S/fJEZLJE V.~WOKKSHOF APPLIANCES, including Descrip- 

^ tions of some of the Gauging and Measuring Instruments, Hand-cutting Tools, 
Lathes, Drilling, Planeing, and other ^^achine Tools us^ by Engineers. By 
C. P. B. Shelley, M.l.C.E. With an additional Chapter on Milling by R. 
• R. Lister. With 323 Illustrations. Fcp. 8vo. , 55. 

MINERALOGY, MiNING, I^^TALLURGY, ETC. 

BA GERMAN.— Works by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MlNERAl.OGY. With 373 Illustrations. 

Fcp. 8vo. , 6 s . 

DESCRIPTIVE HINERALOGY! . With 236 Illustrations. 

Fcp. 8vo. , 6s. 

BREARLEY and IBBOTSON. — THE ANALYSIS OF 
STEEL-WORKS MATERIALS. By Hakry Bkearlev and Fred 
Ibbotson, B.Sc. (lx>nd.). Demonstrator of Micrographic Analysis, l^niver^ty 
College, Sheffield. With 85 Illustrations. 8vo., 14.V. net. 

gore.— THE ART OF ELECTRO METALLURGY. By G. 

Gore, LL.D., F.R.S. With 56 Illustrations. Fcp. 8vo.,65. 

HUNTINGTON AND MCMILLAN -METALS; their Properties 

and 'Freaiment. By A. K. Huntington, Professor of Metallurgy in King's 
College, London, and W. G. M'MiLLAN, Lecturer on Metallurgy in Mason's 
C'ollege, Birmingham. With laa Illustrations. Fcp. 8vo., yj. 6d. 

LUPTON— Works by ARNOLD I.UFFON, M.I.C.E., F.G.S., etc. 
MINING. An Elementary Treatise on the Getting of Minerals. 

With 596 Diagrams and Illustrations. Crown 8vo. , 9J. net. 

A PRACTICAL, TREATISE ON MINE SURVEYING. 

With 209 Illustrations. 8vo., 125. net. 

METALLURGY. By E. L. Rhead, Lecturer on 
Metallurgy at the Municipal Technical School, Manchester. With 94 Illustra- 
tions. Fcp. 8vo., 3J. 6rf. , 

RHEAD AND ASSAYING AND METALLUR- 

GICAL ANALYSIS for the use of Stu^lents, Chemists ana Assayers. By E. L. 
Rhead, Lecturer on Metallurgy, Mimicipal &hool of Technology, Manchester ; 
and A. HUMBOLDT Sexton, F.I.C., F.C.S., Professor of Metallurgy, Glasgow 
and West 0* Scotland Techni<;s 9 College. 8vo. , iol 6 ti. net.* 

RUTLEY.— THE STUDY OF ROCKS: an Elementary Text- 

b(X>k of Petrology. By F. Ruti.ev, F.G.S. With 6 Plates and 88 other Illus- 
trations. Fcp. 8va, ft. 6d, 
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ASTRONOMY, NAVIGATION, ETC. 

ELEMENTARY THEORY OF THE TIDES: 

the Fundamental Theorems Demonstrated without Mathematics and the In- 
fluence on the Length of the Day Discussed. By T. K. Abbott, B.D., Fellow 
and Tutor, Trinity College, Dublin. Crown 8vo., sw. 

Works by Sir ROBERT S. BALL, LL-D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Figures and Dia- 

grams. Fcp. 8vo. , df. 6d, 

A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. 

Fcp. 8vo., IS. 6d. c 

(?/ZZ.— TEXT-BOOK ON NAVIGATION AND NAUTICAL 

ASTRONOMY. By J. Gill, F.R.A.S., late Head Master of the Liverpool 
Corporation Nautical College.. 8vo. , iolt. 6d. 

GOOD WIN.— AZimjTn TABLES FOR THE HIGHER 

DECLINATIONS. (Limits of Declination 24° to 30°, both inclusive.) 
Between the Parallels of Latitude 0° and 60^. With Examples of the Use of 
the Tables in English and French. By H. B. Goodwin, Naval Instructor, 
Royal Navy. Royal 8vo., js. 6d. 
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^Z.^ 5 C^ZZ.— OUTLINES OF ASTRONOMY. By Sir John 

F. W. Hbrschel, Bart., K.H., etc. With 9 Fi’ates and numerous Diagrams. 

8V0., I2J. 

LAUGHTON— Ali INTRODUCTION TO THE PRAC- 
TICAL AND THEORETICAL STUDY OF NAUTICAL SURVEYING. 
By John Knox Laughton,M.A.,F.R.A.S. With 35 Diagrams. Crown 8vo., dr. 

t 

LOWELL. — MARS. By Percival Lowell, Fellow American 

Academy, Member Royal Asiatic Society, Great Britain andr Ireland, etc. 
With 24 Plates. 8vo., lar. 6d, 

MAETIN.—'i^iKVlGATlOK AND NAUTICAL ASTRONOMY. 

Compiled by Staff Commander W. R. Martin, R.N. Royal 8vo., i8j. 

MERRIFIELD.—k TREATISE ON NAVIGATION. For 

the Use of Students. By J» Mkrrifield, LL.D.,. F.R.A.S.,.,F.M.S. With 
Charts and Diaeprams. Crown 8vo. ,55 < 

t 

Ai^AiEif.—ELEMENTS OF ASTRONOMY. With Numerous 

Examples and Examination Papers.^ By George W. Parker, M.A., of 
Trinity College, Dublin. With 84 Diagrams. 8vo. , 51. (ui, net. 
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CELESTIAL OBJECTS FOR COMMON TELE- 
SCOPES. By the Rev. T. W. Wkbb, M.A., F.R.A.S. Fifth Edition, 
Revised and greatly Enlarged by the ReV. T. E. Espin, M.AI, F.R.A.S. (Two 
Volumes.) Vol. I., with Portrait and a Reminiscence of the Author, a PlatA, 
and numerous Illustrations. Crown 8va , bs. VoL II. , with numerous Illustra- 
tions. Crown 8vo.| 6s. 6(/. 
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WORKS BY RICHARD A. PROCTOR. 

THE MOON : Her Motions, Aspect, Scenery, and Physical 

Condition. With many Plates and Charts, Wood Engravings, and 2 Lunar 
Photographs. Crown 8vo. , y, 6 d. 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the Light of Recent Scientific Researcbe& With 14 Illustrations ; 
Map, Charts, etc. Crown 8vo. , 3^. 6 d. 

OUR PLACE AMONG INFINITIES : a Series of Essays con- 
trasting our Little Abode in Space and Time with the Infinities around us. 
Crown 8vo., 3;. 6 d. , 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 

y. 6 d. 

LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays 

on Scientific Subjects, Natural Phenomena, etc. Crown 8vo., y. 6 d. 

THE ORBS AROUND US ; Essays on the Moon and Planets, 

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo. , y. 6 d, 

THE EXPANSE OF HEAVEN : Essays on the Wonders of the 

Firmament. Crown 8vo. , 35. 6 d. • 

• • 

OTHER SUNS THAN OURS : a Series of Essays on Suns— OW, 

Young, and Dead. With other Science Gleanings. Two Essays on Whist, 
and Correspondence with Sir John Herschel. With 9 Star-Maps and Diagrams. 
Crown 8vo. , 3J. 6 d. 

HALIUTOURS WITH THE TELESCOPE: a Popular Guide 

to the Use of the Telescope as a means of Amusement an^ Instruction. With 
7 Plates, licp. 8vo. , 2s. 6 d. 

NEW STAR ATLAS FOR THE IJBRARY, the School, and 

the Observatory, in Twelve Circular Maps (with Two Index-Plates). With an 
Introduction on the Study of the Stars. Illustrated by 9 Diagrams. Cr. 8vo., 55. 

THE SOUTHERN SKIES: a Plain and Easy Guide to the 

Constellations of the Southern Hemisphere. Showing in 12 Maps the position 
of the prin2it>al Star-GrAips night after night throughout the year. With an 
Introduction apd a separate Explanation of each Map. True for every Year. 
4to., y. * 

HALF-HOURS WITH THE STARS : a Plain and Easy Guide 

to the Knowledge of the Constellations. Showing in 12 Mapi^the position of 
the principal Star-Groups night after night tjiroughout the year. With Intro- 
duction and a separate Explanation of vach Map. * True for every Year. 
4to., 3J. net. ^ ^ 

LARGER STAR ATLAS FOR OBSERVERS AND STUI^ENTS. 

In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars. Nebulae, etc. 
With a Index-Plates. Folio, 15^. 
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WORKS BY RICHARD A. PROCTOR-aw»/k‘»««f. 

THE STARS IN THEIR SEASONS: an Easy Guide to a 

Knowledge of the Star-Groups. In la Large Maps. Imperial 8vo., 5;. 

ROUGH WAYS MADE SMOOTH. Familiar EssayS on 

Scientific Subjects. Crown 8vo., y. 6d. 

PLEASANT WAYS IN SCIENCE. Crown 8vo., 3s. 6d. 

NATURE STUDIES. By R. A. Proci’or, Grant Allen, A. 
Wilson, T. Foster, and E. Clodd. (:rown 8vo., 3.1. 6 d. 

LEISURE READINGS. By R. A. Proctor, E. Clodd, A. 
Wilson, T. Foster, and A. C. Ran yard. Crown 8vo., y. 6 d, 

PHYSIOGRAPHY AND GEOLOGY. 

Works by CHARLES BIRD, B.A. 

ELEMENTARY GEOLOGY. With Geological Map of the 

British Isles, lipd 247 Illustrations. Oown 8vo., 2s. 6 d. 

ADVANCED GEOLOGY. A Manual for Students in Advanced 

Classes and for General Readers. With^ over 300 Illustrations, a Geological 
Map of the British Isles (coloured), and a set of Questions for Examination. 
Crown 8 VO., 7s. 6d, 

GUjEjEN.—VHYSICAL geology for students and 

GENERAL READERS, By A. H. Green, M.A., F.G.S. Wtth 236 Illus- 
trations. 8vo., 21s, * 

MOJiGAAT.— Works by ALEX. MORGAN, M.A.,*D.Sc., F.R.S.fc:. 
ELEMENTARY PHYSIOGRAPHY. Treated Experimentally. 

With 4 Maps and 243 Diagrams. Crown 8vo., 2s. 6 d, 

ADVANCED PHYSIOGRAPHY. With 215 Illustrations. 

Crown 8vo., 45. 6 d, 

TjffOBNTOM— Works by J. THORNTON, M.^. 

" ELEMENTARY PRACTICAL PHYSIOGRAPHY*. 

Parti. With 215 Illustrations. Crown 8vo., 2s. 6d. 

' Part n. With 98 Illustrations. Crown 8vo., 2s. 6d. 

ELEMENTARY PHYSIOGRAPHY : an Introduction to the 

Stddy of Nature. With 13 Maps and 295 Illustraltons, With Appendix on 
Astronomical Instruments and Me£{surements. Crown 8vo., 2s, 6d. , 

ADVANCED PHYSIOGRAPHY. With ii Maps and 255 
Illustrations. Crown 8vo., 41. $</, 
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NATURAL HISTORY AND GENERAL SCIENCE. 

BEDDARD.—'YUB. STRUCTURE AND CLASSIFICATION 
OF BIRDS. By Frank E. Beddard, M.A., F.R.S., Prosector and Vice- 
Secretary of the Zoological Society of London. With 252 Ulus. 8vo., air. net. 

FURNEAUX.—\\oxk& by WILLIAM FURNEAUX, F.R.G.S. 

THE OUTDOOR WORl.D j or, The Young Collector’s Hand- 
book. With 18 Plates, 16 of which are coloured, and 549 Illustrations in the 
Text. Crown 8vo., 6s. net. 

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 

and 331 Illustrations in the Text. Crown 8vo., 6s. net. 

BUTTERFLIES AND MOTHS (British). With 12 Coloured 

Plates and 241 Illustrations in* the Text. Crown 8vo., 6s. net. 

HUDSON.— BIRDS. By W. H. Hudson, C.M.Z.S. 

With 8 Coloured Plates from Original Drawings by A. Thorburn, and 8 Plates 
and 100 Figures by C. E. I^ODGK, and 3- illustrations from Photographs. 
Crown 8vo., dr. net. 

MILLAIS.— TW NATURAL HISTORY OF THE BRITISH 

• SURFACE-FEEDING DUCKS. By John Guiixs Millais, F.Z.S., etc. 
With 6 Photogravures and 66 Plates (41 in colours) from Drawings by the Author, 
Archibald Tuorhurn, and from Photographs. Royal 4to., £6 6s. net. 

NANSEN. — TnVe NORWEGIAN NORTH POLAR Ex- 
pedition, 1893-1896 : Scientific Results. Edited by Fridtjof Nansen. 
Volume I. With 44 Plates ^and numerous Illusifations in the Text. I>emy 
4to. , 405, net. 

Contents: The Pram — The Jurassic Fauna of Cape Flora. With a Geological Sketch 
of Cape Flora and its Neighbourhood — Fossil Plants from Franz Josef Land — An Account of 
the Birds — Crustacea. 

Volume 11 . With 2 Charts and 17 Plates. Demy 4to., 305. net. 

Contents : Astronomical Observatious->-TeiTestrial Magnetism — Kesults of the Pendulum 
— ObservatioQs and some Remarks on the Constitution of the Earth’s Crust. 

Volume III. With 33 Plates. Demy ato., 32J. net. 

Contents: The Oceanography of the North Polar Basin — On Hydrometers and the 
Surface Tension of ^iquids. * 

STANLEY.— A FAMILIAR HISTORY OF BIRDS. By E. 

Stanley, D.D., formerly Bishop of Norwich. With 160 Illustrations. Crown 
8vo., 3J. 6d, 

MANUFACTURES, TECHNOLOGY, ETC. 

Af.£ZZ.— JACQUARD WEAVING AND DESIGNING. ByF. T. 

Bell. Witfi 199 Diagrams. 8vo., isj. net. 

CROSS Alvn BETAN— Works by C. F. CROSS and E. J. BEVANa 
CELLULOSE: an Outline of the Chemistry of the .Structural 

Elements of Plants. With reference to their Natural History and Industrial 
Uses. (C. F. Cross, E. j. Bbvan and C. Bbadle.) W>tl> >4 Plates. 
Crown 8vo., lar. net. , 

RESEARCHES ON CELTLULOSB, 1895-1900. Crown 8vo., 

6s. net. . . * 

DODSON— THE DOUBLING AND • MANUFACTUflE OF 

THREADS. By TOHN Dodson^ Vice-President of the Bolton and District 
Mills Managers’ Tedmical Association. With X34 Illustrations. 8vo,, sor. 6d, net. , 
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IMANUFACTURES, TECHNOLOGY. ETC,— Coti/tnueri. 

MORRIS AND WILKINSON .— ELEMENTS OF COT- 
TON SPINNING. By John Morris and F. Wilkinson. With a Preface 
\r} Sir B. A. DoBSON, C.E., M.I.M.E. With 169 Diagrams and Illustrations. 
Crown 8vo., 75. net. ^ 

RICHARDS .— AND BRICK-CUTTING. By 

H. W. Richards, Examiner in ^ckworlc and Masonry to the City and OaiUa 
of London Institute, Head of Building Trades Department, Northern Pofy* 
technic Institute, London, N. With over aoo Illustrations. Med. Svo.. 3^, 6i. 

TAYLOR.-^OUTOrU WEAVING AND DESIGNING. By 

John T. Taylor. With 373 Diagrams. Crown 8vo., yr. ()d. net 

WATTS.— NYi INTRODUCTORY MANUAL FOR SUGAR 

GROWERS. By Francis Watts, F.C.S., F.I.C. With ao Illustrations. 
Crown 8va , 6j. 

HEALTH AND HYGIENE. 

K— HEALTH IN THE NURSERY. By Henry Ashby, 

M.D.» F.R.C.P. With 25 Illustrations. Crown 8vo., y. net. 

BUCKTON.—HRMIIYL IN THE HOUSE. By Mrs. C. M. 

Buckton. With* 41 Woodcuts and Diagrams. Crown 8vo, , 2J. 

CORRUSLD.— THE LAWS OF HEALTH. By W. H. Cor- 

FIELD, M.A., M.D. Fcp, 8vo., is. 6d. 

FURNEAUX.—EEEUEWYAKY PRACTICAL HYGIENE.— 

Section I. By Williams. Furneaux. With 146 Illustrations. Cr. 8vo., 2J. 6rf. 

NOTTER AND FIRTH.— Works by J. L. NOTTER, M.A., M.D., 
and R. H. FIRTH, F.R.C.S. 

HYGIENE. With 95 Illustrations. Crown 8vo., p. 6 d. 
PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations. 

Crown 8 vo., 25. 6d. 

FOORE.— Works by GEORGE VIVIAN POORE, M.D. 

ESSAYS ON rural HYGIENE. With fa 'Illustrations. 

Crown 8vo., 6s. 6d. 

THE DWELLING-HOUSE. With 36 Illustrafions. Crown 

8vo.,3J. • 

‘colonial and camp SANITATION. With 11 Illustra- 

tions. * Crown 8vo., as. net. , 

THE-EARJH IN RELATION TO THE PRESERVATION 

AND DESTRUCTION OF CONTAGIA; being the Milroy Lectures 
delivered at the Royal College of Physftians in 1899, together with other 
Papers on Sanitation. |With 13 Iljustrations. Crowi^8vo., y. 

WILSON— A MANUAL OF 'HEALTH-SCIENCE. By 

Andrew Wii.son, F.R.S.E.. F.L.S.. etc. With 74 Illustrations. Crown 
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ASIJBY AND WRIGHT .— DISEASES OF CHILDREN, 

MEDUJAL AND SURGICAL. By Hknry Ashby, M.D.. l.ond., F.R.C.P.. 
Physician to the General Hospital lor Sick Children, Manchester ; and G. A. 
Wright, B.A., M.B. Oxon., F.R.C.S., Eng. , Assistant-Surgeon to the Man- 
chester Royal Iniirmary, and Surgeon to the Children’s Hospital. Enlarged 
and Improved Edition. With 193 Illustrations. 8vo^ , 25^. 


BENNETT.— by Sir WILLIAM’ BENNETT, K.C.V.O,, 
F.R.C.S., Surgeon to St. George’s Hospital; Member of the 
Board of Examiners, Royal College of Surgeons of England. 

CLINICAL lectures’ ON VARICOSE VEINS OF THE 

LOWER EXTREMITIES. With 3 Plates. 8vo.. 6 s. 

ON VARICOCELE ; A PRACTICAL TREATISE. With 4 

Tables and a Diagram. 8vo., 55. 

CIJNICAL LECTURES ON ABDOMINAL HERNIA: 

chiefly in relation to I reatment, including the Radical (!urc. With 12 Dia- 
• grains in the lext. 8vo. , 8 .v, 61/, 

ON VARIX, ITS CAUSES AND 'rREAPMENT, WITH 
ESPECIAL REFERENCE 'I'O THROMBOSI.V Svo., 3s. 6d. 


THE PRESENT POSTPION OF THE TREATMENT OF 

SIMPLE FKACTUkK 9 »OF THE I.IMBS. * 8 \o.. 25. 6d. 

LKC'rURES ON THE USE OF MASSAGE AND EARLY 


PASSIVE .MOVICMENTS IN RECEN T FRACTl/RIiS AND OTHER 
COMMON SlJKCilCAC INJURIES: The Treatment of Inlernid Derange- 
ments of the Knee Joint and M.iiiagenu*nt of Stiff Joints. With 17 
Illustrations. 8vo. ,6 .l 


JiENTLE Y.- \ rEX T-BOOK. OK ORGANIC MA KERIA 

M EDICA. • C'omprising a Description of the Vegetable nnd Animal Drugs of 
the British f*harm;ieop<jLna, with some others in common use. Arranged 
Systematically, and Especially Designed for Students. By Rohicrt Bkntlkv, 
M. R.C.S. Eng., F.E.S. With 62 Illustrations on Wood. (aownSvo., yy. 6f/. 


CABO'T- A GUIDE TO THE CLINICAL EXAMINATION 

OF THE *BIX;)OD FOR DIAG.NOSTIC PURPOSES. By Richard C. 
C/VHDT, M.l-^. , Physician to Out-patients, Massachusetts General Flospital. 
With 3 C Coloured IMales ;%nd 28 Illustrations in tTie Text. 8vo., i6f. 
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CAEE, pick; DORAN, and DUNCAN J^RACTI? 

TIONER’S GUIDE. By J. Walter Carr. M.D. (Lond,^, F.R.C.P. ; 
T. PiCKERiNc Pif:K, F.R.G.S. ; Alua^ H. G. Doran, F. R.C.S. ; Andrew 
Duncan, M.D., B.Sc. (Eond.), F.R.C.S., M.R.C.P. 8vo^, 21A. net. 

Cj5Z/./.--MAI.AR1A, according to the new re- 

searches. Prof. ANGEI.0 Director of the Institute of Hygiene, 

University of Rome. Tran.slnted from the Second Italian Edition, by JOHN 
Joseph Eyrk, M.R.C.P., L.R.CTS. Ireland, D. P.H. Cambridge. With an 
Introduction bv Dr. Patrick Manson, Medical Adviser to the Colonial Office. 
8vo., loy. 6 « 7 . 



a6 Scientific Works published by Longmans^ Green^ ^ Co. 


MEDICINE AND 8URGERY-Cb»A‘»««/. 

CHEYNE AND BURGHARD.—k. MANUAL OF SURGICAL 

TRESATMENT. By W. Watson Chkyne, C.R. M.B., F.R.C.S., F.R.S., 
Professor of Surgery in King’s College, I-«ondon, Surgeon to King’s College 
Hospital, etc. ; and F. F. Burgh ard, M.D. and M.S., F.R.C.S., Teacher of 
Practical Surgery in King’s College, London, Surgeon to King's College, 
Hospital (Lond.), etc. 

Part I. The Treatment of General Surgical Diseases, including 

Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compli- 
cations. Infective Dise;ises and Tumours; the Administration of Ansesthetics. 
With 66 Illustrations. Royal 8vo., los. 6c/. 

Part II. The Treatment of the Surgical Affections of the ^'issues, 

including the Skin and Subcutaneoul Tissues, the Nails, the Lymphatic 
Vessels and (ilands, the Fascise, Fiursne, Muscles, Tendons and Tendon- 
sheaths, Nerves, Arteries and Veins. Deformities. With 141 Illustrations. 
Royal 8vo. , 145. 

Part III. The Treatment of the Surgical Affections of the Bones. 

Amputations. With too Illustrations. Royal 8vo., 12s, 

Part IV. The Treatment of the Surgical Affections of the Joints 

(including Excisidtis) and the Spine. With 138 Illustrations. Royal 8v.o. , 143. * 

Part V. The Treatment of the Surgical Affections of the Head, 

P'ace, Jaws, ^jps, Larnyx and Trachea ; and the Intrinsic Diseases of the 
Nose, Ear and' Larynx, by H. Lambert Lack, M.D. (Lond.), F.R.C.S.. 
Surgeon to the Hospital for Diseases of the I'hroat, Golden Square, and to 
the Throat and Bar Department, Th|f Children’s Hospital, Paddington 
Green. With 145 Illustrations. Royal 8vo., i8j. 

Part VI. Section I. The Treatment of the Surgical Affections of 

the Tongue and Floor of the Mouth, the Pharynx, Neck, G*'.sophagus, Stomach 
and Intestines. With 124 Illustrations. Royal 8vo., xSs. 

Section II. The Treatment of the Surgical Affections of 

the Rectum, Liver, Spleen. Pancreas, Throat, Breast and (Senjfo-urinary 
Organs. With 113 Illustrations. Royal 8vo., 2 T.v. 

CL^ /eA'JS,— POST-MORTEM EXAMINATIONS IN MEDICO- 

I.EGAL AND ORDINARY CASES. With Special Chapters on the Legal 
Asp>ects of Post-mortems, and on Certificates of Death. By J. Jackson 
Ci.ARK£, M.B. Lond., F.R.C.S., Assistant Surgeon at the North-west l^ondon 
and City Orthopaedic Hospitals, etc. Fcp. 8vo. . ay. 6 d. 

COATS.— A MANUAL OF PATHOLOGY/ By Joseph 

.Coats, M.D., late Professor of Pathology in the University of Glasgow. 
Fourth Edition. Reviled throughout and E 4 ited by Licvyis R. SUTHERLAND, 
M.D., Professor of Pathology, University of St. Andrews. » With Illustrations. 
8vo., 284*. net. • 

COORTE.— Works by THOMAS COOKE, F.R.C.S. Eng., B.A., 
B«Sc., M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra- 

tions given in the Westq^inster Hosjiital Medical School. Eleventh Edition 
iq Three Parts, thoroughly brought up to date, and with over 700 Illustra- 
tions from all the best Sources? British and Foreign. Post 4to. 

Part I. The Bones, ys. 6d» net. 

Part IL Limbs, Abdomen, Pelvis. lor. 6d. net. 

Part III. Head and Neck, Thorax, Brain, los. 6d. net. 
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COOUTE.— Works by THOMAS COOKE (continued). 
APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including loo Typical vtvd voce Questions on Surface Marking, 
etc. Crown 8vo., y. td. 


DAKIN.~A HANDBOOK OF MIDWIFERY. By William 

Radford Dakin, M.D., F.R.C.r., Obstetric Ph>sician and Lecturer on 
Midwifery at St. George’s Hospital, etc. With 394 Illustrations. Large 
crown 8vo. , i8jr. ^ 


DICKINSON.—Works by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. With 12 

T*lates and laa Woodcuts. Three Parts. 8vo., 4J. 6 d. 

9 • 

THE TONGUE AS AN INDICATION OF DISEASE: 

being the Lunileian T^ectiires delivered March, 1888. 8vo., 7s. 6rf. 
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OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855- 

1896. 8vO., I 2 S . ^ t 

MEDICINE OLD AND NEW. An Address Delivered on 

the Occasion of the Opening of the Winter Session, 1899-1900, at St. George's 
Hospital Medical School, on and October, 1899. Crown 8vo., 2s. •6e/, 

DCCJsiWO/iTIf.— Works by Sir DYCE DUCKWORTH, M.D., 
LL.D., Fellow and I'reasurer of the Royal College of Phy- 
sicians, etc?. 

THE SEQUELS OF DISEASE : being the Lumleian I.,ectures, 

1896. 8vo., lar. 6</. 

THE INFLUENCE OF CHARACTER AND RIGHT 

JUDGMENT IN MEDICINE: the Harveian Oration, 1898. Post 4to., 

2s. 6d. • * 

* • 

£Jl/CIfSJSJV.—f}iE SCIENCE AND ART OF SURGERY;* 

a Treatise on Surgical Injuries, Diseases, and Operations. By Sir •John Eric 
Erichsen, Bart., F.R.S., LL.D. Edin.T Hon, M.Ch. and F-R.C.S. Ireland. 
Illustrated by nearly looo Engravings on Wood, a vols. Royal^vo., 485. 
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FOWLER AND GODLeA— THE* DISEASES OF THE 

LUNGS. By JA^ff^:s Kingston Fovvler, M.A., M.D., F.R.C.P., Physician 
to* the Middlesex Hospital and to the Hospital for Consumption and Diseases 
of the Chest, Brom'pton, etc. ; and Rickman John Godlee, Honorary Surgwn 
in Ordinary to His Majesty, M.S., F.R.C.S., Fellow and Ftofcssor of Clinical 
Surgery, University College, London, etc. With 160 Illustrations. 8vo., 25J. 
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GARKOD.—Works by Sik ALFRED BARIND GARROD, 
M.D., F.R.S., etc. 

A 'FREATISE ON GOUT AND RHEUMAI’IC GOUT 

jkHEUMATOID AF^'rHklTlS). With 6 Plates, comprising 21 Figures 
(14 C^oloured), and 27 Illustrations engraved on Wood. 8vo., 2 tj . 

THE ESSEN'I1A1.S OF MA'PERIA MEDICA AND THERA- 

PKUTK'S. C'rown 8vo., 12*^. (ui, 

GOADdiV.- THK MYCOLOCiY OF I'Hl*: MOUTJI : a Text- 

Book ot Oral Bacteria. By Kknnkth W. Goaiidy, L.D.S. (Eng.), 
D. ]\H, (Carnl).), L. R.G.P., M.R.t/.S., Bacteriologist and Lecturer on Bactcri- 
ology, National Dental Hospital, etc. With 82 Tllusliations. 8vo., 8 a*, 6 (/, net. 

GOODSALL AKD DISEASES Ol* THE ANUS AND 

REC'1*H\1. By D. H. G<h>dsai.l,, F.R. C.S., Senior Surgeon, Metrbpohtan 
Hospital; Senior Siirgcon, St. Mark’s Hospital; and W. Eknkst Miles, 
F. R.C.S, , A.ssistant Surgeon to the Cancer Hospital, Surgeon (out-patients), 
to the Gordon Fiospital, etc. (In Two Parts.) Part I. With 91 Illustrations. 
8vo,, js. 6 ti. net.*' , 

GRA y. —ANATOMY^ 1:>ESCRIPTIV,E AND SU RGICAL. By 

Henry Gray, ?\R.S., laie Lecturer on Anatomy at St, Georg(**s Hospital 
Medical School. 'Phe Fifteenth J^dition Enlarged, edited by T. Pickering 
Pick, F.K.C,.S. , C'onsulting Surgeon to St. George’s Hospit»al, etc., and by 
. koHERT FIovvdkn, M.A. , M.B., C.M., Professorof Anatomy in the University of 
Durham, etc. With 772 Illustrations, a large proportion of which are Coloured, 
the Arteries l:)eing coloured red, the Veins blue, and the. Nerves yellow. The 
attachments of the muscles to the bones, in the section on Osteology, are 
also shown in coloured outline. Royal 8vo., 32.9. net. 

HALLIBURTON.- Works by W. D. HALLIBURTON, M.D., 
F.R.S., Professor of Physiology in King’s College, London. 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND 

PA'I'HOLOGY. With 104 Illustrations. 8vo., 285. , 

ESSENTIAI.S OF CHEMICAL PHYSIOLOGY. With 77 

Illustrations. 8vo., 5^. * ' , 

I. « 

LANG.—Tm METHODICAL EXAMINATION OF THE 

EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students 
and Practitioners. By William Lam;, F.R.C'.S. Kng. .Surgeon to the Royal 
l^ondon'^ Ophthalmic Hospital, Moorfields, etc. With 15 Illustrations. 
CTown 8vo., 3.?. M, ' ^ 

Zf7Z7>:->rEXT-BOOK OF FORENSIC MEDICINE AND 

TOXICOLOGY. By Arthur P. ^Lukk, M.D., B,Sc. (Lond.), Physician 
in Charge of Out-Patients and I^eciurcr on Medical Jurisprudence and 
Toxicology in St. Mary’s Hospital. With 13 full-page Plates (i in colours) and 
33 Illustrations in the Text. 2 vols. Crown 8vo., 24J. 
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LIVERPOOL UNIVERSITY PRP:SS PUBLICA'I'IONS, THE. 
The 'Fhomson Yates Laboratories Reports. Physiology ; Path- 
ology ; Bacteriology ; Tropical Medicine ; Hygiene. Edited by Rupert 
Boyce and S. Sherrington. With Plates and Illustrations m the text. 
Demy 4to. Vol I., 1898-9, 10s. 61L ; Vol. IL, 1898-9, 25.^. ; Vol. III., Part I., 
1900, 'js, ; Vol. III., Part IL, 1901, i2y. 61/. ; Vol. IV., Part I., 1901, aae. ; 
Vol. IV., Part II., 1902, 2i.i. 


THE LIVERPOOL SCHOOL OF TROPICAL MEDICINE MEMOIRS. 

With Plates and Illustrations in the text. Demy 4to. 

I. Malarial Fever; Its ("au«c, Prevention and Treatment. (Con- 

taining full details for the use of Travellers, Sportsmen, Soldiers, and Residents 
in Malarious Places. By Ronald Ko.ss, C*. B., F.R.S., F.R.C.S. With 
Frontispiece. 8vo., 2 .l 

I I . Report of the Malaria FCxpcdition to. .West Africa, August, 1899. 
By Ronald Ross, C.B., F.R.S., F.R.C.S., H. E. Annett. M.D., D.P.H. 
and E. E. Austen. With Supplementary Rejjorts by Major G. M. (tiles, 
Vl.B. and R. Fiklding-Ouj>d, M.B. 2i.l 

III. Report of the Malaria l^xpcdition to Nigeria. Parti. Ma- 
larial Fever, etc. By H. E. Annktt, M.D., J. *Evkrett Dutton, M.B. 
and |. H. Ef.liott, M.D. iol 6i/. 

V. Part I. First Progress Report of the .,^Janipaign against 
Mosquitoes in Sierra I^eone (1901). By RONALD Ro.s.s, (“.R., F.R.CJ.S., 
F.R.S. 8vo. ,1V.- ^ ^ 

V. J*art 1 1 . Second Progress Report of the Campaign against 
Mosquitoes in Sierra Leone. By M. I^rOGAN Tayi.or, M.B. 8vo., i.f. 
VTI. Report of the V^ellow Fever Expedition to l^ira (1900). By 
II. E. Durham. M.B., F.R.C.S., and the late Walter mVkrs, M.B. 

4 to., 7L 6 (/. 

VI I Report on the Sanitary (Conditions of ("ape ("oast "i'own, 
with Suggestions as to Improvement of same. By M. I.ogan Taylor, 
M.B. 8vo., sewed, i.l • 

IX. Report on Malaria at I.smailia and Suez. By Ronald Ro.ss, 
C.B., F.R.C.S. 8 VO., sewed, is. 

X. Report of the Malaria Expedition to the (Jainbia, 1902. By 
J, Evhirett Dutton, M.B., B.Ch. Viet., and an Appendix by F. V. 
rmconALD, M.A, Demy 410., lov. 6f/. net. 

• • A//SC7<LL.lN/iO(7S. • 

Notes on Sanitary Conditions obtaining in Para. By the M kmbers 

OR THE YWLT.OW I'EVIjR EXPEDITION. 8vo?, 15. 

/^^GJET.—KHiied by STEPHEN PAGET. 

SELECTED ESSAYS AND ADDRESSES. By Sir JAMES* 

PAGET. 8vo., 125 , 6i/, net • 

MEMOIRS AND LETTERS OF*SIR JAMES PAGET, Bart., 

F.R.S., D.CJ.L., late Sergeant-Surgeon to Her Majesty Queen i/ictoria. With 
Portrait. 8vo., 65. net. • 

PICK. — SURGERY: a Treatise for *Studcnts and Practitioners. 

By 'I'. Pickeking*Pu;k, Consulting .burgeon to St. George’s Hospital ; Senior 
Surgeon to the Victoria l^ospital f#r CJhildren ; iH-M. Inspector of Artatoiny in 
England and Wales. With 441 Illustrations. Medium 8vo., 2^s. 

POOLE .—COOKERY FOR THE DIABETIC. By W. H. and 

Mrs. PooLK. With Preface by Dr. Pavy. Fcap. 8vo., 2s. 6el. 
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PHOBYN- WILLIAMS.— A PRACTICAL GUIDE TO THE 

ADMINISTRATION OF ANESTHETICS. By R. J. PROBYN-W11.LIAMS, 
M.D.. Anaesthetist and Instructor in Anaesthetics at the London Hospital ; 
Ltx:tiirer in Anaesthetics at the London Hospital Medical College, etc. With 
34 Illustrations. Crown 8vo., 6 d. net. 


Q(/^/JV.— QUAIN'S (Sir Richard) DICTIONARY OF MEDI- 
CINE. By Various Writers. Third Edition. Edited by H. Montague 
Murray, M.D., F.R.C.P., Joint I^ecturer on Medicine, Charing Cross Medical 
Scliool, and Physician to Out-Patients. Charing Cross Hospital ; assisted by 
John Harold, M.B., B.Ch.. B.A.O., Physician to St. John’s and St. Eliza- 
beth’s Hospital ; and W. Cecil Bosanquet, M.A., M.D., M.R.C.P., 
Physician to Out-Patients, Victoria Hospital for Children, Chelsea. With 
21 Plates (14 in Colour) and numerous Illustrations in the Text. 8vo., 2 lv. 
net, buckram ; or 30?. net, half-morocco. 

QUAIN^S (JONES) ELEMENTS OF ANATOMY. 

The Tenth Edition. Edited by Edward Albert Schafer, F.R.S., Professor 
of Physiology in the University of Edinburgh ; and George Dancer Thane, 
Professor of Anatomy in University College, London. 


VoL. I.. Part I. EMBRYOLOGY.! 
By E. A. Schafer, F.R.S. With ' 
200 Illustrations.* .Royal 8vo., 9r. 
VoL. 1 ., Part II. GENERAL ANA- 1 
TOMY OR H ISTOLqcyy. By E. 
A. SchXfer, F.R.S. With 291 
niastrations. Royal 8vo., lar. 6 d. 
VoL. II.. Part I. OSTEOLOGY— 
ARTHROLOGY. ByG.D. Thane. 
With 224 Ulus. Royal 8vo., ns. 
VoL. II., Part II. MYOLOGY— 
ANGEIOLOGY. By G. D. Thank. 
With 199 Illustrations. Royal 8vo., 
i&r. « 

Voi.. III., Part I. THE SPINAL 
CORD AND BRAIN. By E. A. 
Schafer, F.R.S. With 139 Illus- 
trations. Royal 8vo., las. (>d. 


Voi„ HI., Part II. THE NERVES. 
By G. D. Thank. With 102 
Illustrations. Royal 8vo., 9$. 

Voi.. III., Part 111 . THE ORGANS 
CV-' THE SENSES. By E. A. 
SchXfer, F.R.S. With 178 Illus- 
trations. Royal 8vo., gs. 

VoL. HI.. Part IV. SPLANCH- 
NOLOGY. By E. A. ScHAFER, 
F.R.S., and Johnson Symington, 
M, D, With 337 Illustrations. Royal 

8 VO., 165. • 

Appendix. SUPERFICIAL AND 
SURGICAL ANATOMY. By 
Professor G. D. Thane and Pro- 
fessor R. J. Godlee, M.S. With 
29 Illustrations. Royal 8vo., 6 s. 6 d. 


SCHAFER .— by E. A. SCHAFER, F.R.S., Professor of 
Physiology in the University of Edinburgh. • * 


THE ESSENTIALS* OF HISTOLQGY. Descriptive and 

Practical. For the Use of Students, With 463 Illustrations. • 8vo., 95. net. 

DIRECTIONS FOR CLASS WORK IN PRACTICAL 

PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the 
Vascular and Nervous Systems. * With 48 Diagrams and 24 pages of plain 
paper at *nd for Notes. 8vo., y. net. 


SMALE AND COZyEE.-^DlSEASES AND INJURIES OF 

THE TICETH, including Pathology and Treatment. ©By Morton Smale, 
M.R,C.S., L.S.A. , L.D.^ Dental Surgeon to St. Mary’s Hospital, Dc*^n of 
the School, Dental Hospllhl of Ixmdon, etc. ; and J. F. COLYRR, L.R.C.P., 
M.R.C.S., L.D.S., Dental Surgeon to Charing Cross Hospital and to the 
Dental Hospital of London. Second Edition Revised and Enlarged by J. F, 
COLYEk. With 640 Illustrations. I-»arge crown 8vo., 21J. net. 
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SMITH {H. /-)•— fHE HANDBOOK FOR MIDWIVES. By 

Henry Fly Smith, B.A., M.B'. Oxon., M.R.C.S. 41 Woodcuts. Cr. 8vo., 51. 

STEVENSON .— IN WAR : the Mechanism of their 

Pi eduction and their Treatment. By Surgeon-Colonel W. F. Stevenson 
(Army Medical Staff), A.B., M.B., M.Ch. Dublin Universit3r, Professor of 
Military Surgery, Army Medical School, Netley. With 86 Illustrations. 8vo. , x8f. 

TAPPEINER. — INTRODUCTION TO CHEMICAL 
METHODS OF CLINICAI- DIAGNOSIS. By Dr. H. Tappkiner, 
Professor of Pharmacology and Principal of the Pharmacological Institute, of 
the University of Munich. Translated by Edmond J. McWekney, M.A., M.D. 
(Royal Univ. of Ireland), L.R.C.P.I., etc. Crown 8vo., 3^. 6 d. 

IVAZZER.— Works by AUGUSTXJS D. WALLER, M.D., 
^,ecturer on Physiology at St. Mary’s Hospital Medical School, 

. lx>ndon ; late External Examiner at the Victorian University. 

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third 

• Edition, Revised. With 314 Illustrations. 8vo., 

LKCrURES ON PHYSIOLOGY. Kirst Series. On Animal 

Electricity. 8vo., sj. net» * 

VETERINARY MEDICINE, ETC. 

UTZ AM.— HORShZS AND STABLES. By Lieut. General 

Sir F. Fitzwvgram, Bart. With 56 pages of Illustrations. 8vo., 3.L net. 

STEEL. -Works by JOHN HENRY STEEL, F.R.C.V.S., F.Z.S., 
A.V.D., late Professor of Veterinary Science and Principal of 
Bombay Veterinary College. 

A TREATISE ON THE DISEASES QF THE DOG; being 

a Manual oT Canine Pathology. F^spccially adapted for the use of Veterinary 
Practitioners and Students. With 88 Illustrations. 8vo. , los 6 d. , 

A TREATISE ON f HE DISEASES* OF THE OX ; being a 

Manual of "Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With 2 Plates and Z17 Woodcuts. 8vo. xs^. 

A TREATISE ON THE DISEASES OF THE SHEEP ; being 

a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate and 90 Woodcuts. 8vo. , las, 

• • 

WollcsbyWILLIAM YOUATT. 

THE HORSE. With 52 Wood Engravings. 8vo., js. 61 . 

THE DOG. With 33 Wood Engravings. 8vo., 6j. 
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LOGY OF PLANTS. By Dr. Paul Sorauer. Translated by F. E, Weiss, 
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With too Illustrations. Crown 8vo., 7s. 6d. net. 



36 Scientific Works published by l^ngmans. Green, < 5 r* Co. 


WORKS BY JOHN TYNDALL, D.C.L., LL.D., F.R.S. 
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11 D. 3.9. 6 c /. Notes on, with Solu- 
tions of the ri>ore difficult Questions. 
Fcp. 8vo. , 3J. 6c/. 
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Ph.D., B.Sc. With 100 Illustrations. 
Crown 8vo., 7s. 6d, net.' ^ 

HYGIENE. By J. Lane Notter, M.A., 
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